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Each size of KIMAX serological pipets (#37034 and #37034-A for 
cotton plugging) is coded with its own identifying color band. 


COLOR-CODED for foolproof size identification | ™ 


ver 

... yet these new KIMAX pipets cost no more cn 
of 

Now, from Kimble, a new standard for _* Color bands last as long as the pipet re 
the industry . . . CoLor-Copep SEro- New carton design offers... ch 
Easier opening . . . instantly dis- gh 

Each size now coded with charges entire contents par 

its own distinct color band * Pipets ready for instant use . . . no in- cr 
dividual wrappers { wi 

* Immediate size identification * Space saving on shelves and in storage dé Ad 
* Reduced sorting time after washing Want more information? Write Kimble , . - an 
* No chance of error in size selection in Glass Company, Department CC-1 All Kimble color-coded pipets are shipped S 
laboratory or stockroom (JCE-6) Toledo 1, Ohio. in convenient, time-saving cartons. Ar 


* ALL THESE NEW FEATURES AT NO EXTRA COST 


KIMBLE LABORATORY GLASSWARE Owens-ILLINOIS 


4 AN @ PRODUCT GENERAL OFFICES - TOLEDO 1, OHIO 
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These two analyzers have earned their reputation as the most 
versatile analyzers in the field. As you read this the 150th RIDL 
transistorized Pulse Height Analyzer is being purchased. The 34-8 
and 34-12 have been in production a long time. These are the 
best tested, most complete, most versatile transistorized analyzers 
of them all. For simple illustration of this consider the choice of 
read-in and read-out described below: 


CHOICE OF READOUTS: Parallel or serial entry read-out devices, 
magnetic tape, punched paper tape, electric typewriter, point 
plotter, printers and strip-chart recorders . . . may all be linked 
with any of the RIDL line of transistorized pulse height analyzers. 


CHOICE OF INPUTS: RIDL transistorized analyzers may be used 
with either transistorized or vacuum tube amplifiers such as the 
Aé1, A8, DD2, A1D, etc. Two input systems may be fed into 
an RIDL analyzer and used alternately at the flip of a switch. In 
addition, RIDL transistorized analyzers have new capability when 
used with the all solid state Model 30-17 Four Channel Mixer 
Amplifier: 


Four Detector Input is easy, using the Model 30-17 Four 
Channel Mixer Amplifier for simultaneous operation with 
RIDL transistorized analyzers. The Model 30-17 provides the 
logic and electronics to operate 4 detectors simultaneously. 


Model 34-8 200-Channel Analyzer 
Model 34-12 400-Channel Analyzer 


Each detector stores into a separate quadrant of the analyzer 
memory. 


Coincidence Sum Pulse Input is also easy, using the Model 
30-17 alternate connectors. This is accomplished by storing 
the pulses from each separate detector into a quadrant of 
the analyzer memory. The sum of the coincidence pulses are 
stored in a third quadrant. 


Many current designs for mutliple detector operation with a PHA 
make no provision for examination of coincidence between de- 
tectors. Also, amplitude information is distorted when pulses 
arrive simultaneously or when subsequent pulses change routing 
information during digitizing time in the analog-to-digital con- 
verter. With the RIDL Model 30-17 these can’t happen. Cross talk 
is eliminated. All conditions for proper operation without cross 
talk are provided by this system. 


RIDL Model 30-17 
Four Channel Mixer 
Amplifier with Co- 
incidence and Logic 
Circuits. 


Radiation Development Laboratory, 
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Today’s best buy in a 


recording spectrophotometer! 


... Spectronic 505® Recording Spectrophotometer 
... from $3685, less than half the cost of the others 


No other recording spectrophotometer has ever 
won such prompt acceptance. In just a few short 
months it has become the best seller in the field. 
And with good reason. High accuracy and speed 
of analysis make it a sensible buy for recording 
transmittance, linear absorbance, reflectance and 


emission throughout the UV and visible ranges. 
But consider its astonishingly low price . . . add up 
its exclusive features...and you'll see why so 
many laboratories have specified it as today’s 
best buy. 


BAUSCH & LOMB INCORPORATED 


e Certified-Precision Diffraction e Precise reflectance values 
pee is resolving a are easily obtained. 66117 Bausch St., Rochester 2, N.Y. 
and linear dispersion; cons e@ Only $3685, visible range; Send me Spectronic 505 Recording 
narrow band pass. $4285, UV-Visible. 0 Spectrophotometer Catalog D-2009. 


e Exclusive electronic sensor—au- 
tomatically gives faster, more 
accurate recording. 

e Exclusive long life air-cooled 
Hydrogen lamp. No water cool- 
ing lines and drainage. 


BAUSCH & LOMB 


Company 
Address 
City Zone .......... 
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Wavelength range 
205 to 770 mu 


BECKMAN Model DB 


SPECTROPHOTOMETER 
WITH RECORDER 
... double beam... a.c. operated ... high resolution 


A compact, direct reading, double beam/single %r 
beam instrument designed for ease of operation in 
rapid routine analysis in the range 205 to 770 mu— 
the least expensive and most versatile instrument 90 
now available in this range. ~ 

Provides excellent resolution in the ultraviolet— 80 = 


see Benzene Vapor curve at right—i.e., better than 
0.5 mu in the ultraviolet and 1.5 my in the visible. 


Suitable for absorbance, transmittance, or 70 
differential ratio recording, repetitive scanning, 
reaction rate studies, etc. Completely a.c. line 
operated. Meter reads directly in absorbance 
and percent transmittance. Wavelength dial has 
direct reading linear scale with range 200 to 800 50 
my. Amplifier has plug-in circuit boards. 
9098-K10. Spectrophotometer, Beckman Model -— 
DB, range 205 to 770 mu, with tungsten filament lamp, 40 
hydrogen discharge lamp, and wavelength drive unit for 
scanning speeds of 10 and 40 mu per minute. Without 
recorder or power supply for the hydrogen lamp. For 115 30 
volts, GO O.0.. 1,960.00 
8591. Recorder, Beckman Potentiometric, for 5- 
inch strip charts. With convenient push-button controls. 20 
Full scale range adjustable continuously from 10 to 100 
millivolts. Pen traverses full 5-inch chart width in 1 
second. With single drive unit for chart speed of 1-inch 10 =| SLITS: 0.05 mm. 
per minute. For 115 volts, 60 cycles, a.c....... 500.00 SCANNING SPEED: 10 my/mm. 
9104-A5. Power Supply for operation of hydrogen 


i 


230 . 240 250 260 


SEE OUR 1961 CATALOG 
for detailed description of Mode! DB and for 10-inch paper width Recorders to 
permit measurement of linear absorbance 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on ae Laboratory Apparatus and Reagents 
VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 


+4, 


+4 


BENZENE VAPOR 


A.H.T.CO. 


PHILA USA 


LABORATORY APPARATUS 
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IMPORTANT NEW BOOKS FROM REINHOLD & 


THE PLASMA STATE 


by E. J. HELLUND, Research Scientist, Plasmadyne Corp. 
Summarizes all available information on the highly 
ionized gases. After a brief historical look at high energy 
sources, the author defines plasma and explains the 
complexities of energy exchange processes. Separate 
chapters cover plasma morphology, plasma chemistry 
and hot gases. There is a comprehensive outline of 
devices, important information on the artificial and na- 
tural sources of high energy particles, and a discussion 
of problems yet to be solved. 


1961, Approx. 210 pages, $6.50 


INFRARED ABSORPTION 
OF INORGANIC SUBSTANCES 


by KATHERYN E. LAWSON, Sandia Corp., Sandia 
Base, Albuquerque, N. M. Compiles and reviews all cur- 
rently available information. The first part summarizes 
current experimental techniques with reference to the 
controlling factors, and cites the varied applications of 
infrared spectroscopic studies of inorganic materials. 
The second part presents as many correlations and assign- 
ments as are available from the experimental data of 
various observers. A glossary and an extensive anno- 
tated bibliography with index are included. 


1961, 205 pages, $6.75 


THE ENCYCLOPEDIA 
OF MICROSCOPY 


edited by GEORGE L. CLARK, Research Professor of 
Analytical Chemistry, University of Illinois. Covers 26 
kinds of microscopy, including every conceivable aspect 
of electron, electron mirror and field emission micro- 
scopy. The chemical, engineering and industrial ap- 
plications as presented here are easily the most complete 
and up-to-date ever offered. Entirely new material on 
the solid image, ultrasonic, flying spot and TV micro- 
scopes is included. Here is the most extensive collec- 
tion of information ever published on its subject! 


1961, 708 double-column pages, 
fully illustrated, $25.00 


RADIATION CHEMISTRY OF GASES 


by S. C. LIND, Consultant to Union Carbide Nuclear Co., 
Union Carbide Corp. Covers all pertinent experimental 
work in which any kind of ionizing radiation is used to 
effect chemical reactions. The first five chapters pre- 
sent essential introductory material. The ten chapters 
on experimental work cover the reactions of a single com- 
ponent, the effect of foreign gases mixed with reactants, 
oxidation, hydrogenation, nuclear processes, oxides of 
nitrogen, parameters, electric fields, and all important 
aspects of mass spectrometry and polymerization. 


An ACS Monograph, 1961, 325 pages, $12.50 


SCIENTIFIC THINKING 
AND SCIENTIFIC WRITING 


by MARTIN S. PETERSON, Chief, Technical Services 
Office, Quartermaster Food and Container Institute for the 
Armed Forces. Shows you how to “professionalize”’ 
yourself and how to criticize your own writing. Stress- 
ing expository organization as a function of scientific 
writing, the former editor of Food Technology and Food 
Research explains the uses of inductive reasoning in science 
and shows how to organize your writing through the use 
of basic scientific concepts. Included and analyzed are 
many model essays. 


1961, 220 pages, $6.95 


THE ENCYCLOPEDIA 
OF SPECTROSCOPY 


edited by GEORGE L. CLARK. Contains a wealth of 
information on all branches of spectroscopy. Over 160 
authorities cover the contributions of spectroscopy to all 
the sciences, and also consider its industrial applications 
in research, routine testing and on-stream control in 
plants. Information is also presented on recent achieve- 
ments and discoveries, such as optical masers, the Moss- 
bauer effect, the X-ray telescope and time-of-flight spec- 
trometers. The book has the most thorough coverage 
of infrared spectrophotometry ever published. 


1960, 804 double-column pages, 
fully illustrated, $25.00 


30 days’ free trial! Send for any of these books now from 


REINHOLD PUBLISHING CORPORATION 
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SARGENT 


Laboratory Recorders 


Designed For 
Your Specific 
Laboratory Needs 


The Model “MR” Recorder 


Here is the ultimate in re- 
corders designed exclusively 
for almost all measure- 
ments commonly made in 
the chemical laboratory. 
This instrument measures 
current and voltage and all 
other quantities which can 
be transposed into potential 
or current signals. 

The Model fea-' 
tures: 31 Potentiometric 
Ranges; 9 Chart Speeds, or 
27 Chart Speeds with the 
Sargent Ratio Multiplier 
Attachment; and it is de- 
signed for laboratory bench 
operation. 
S-72150 Sargent Recorder 
(Pat. No. 2,931,964) 

S-72151 Sargent Recorder 


with Ratio Multiplier Attachment, 27 
Chart Speeds.............. $1775.00 


For complete specifications 
write for Bulletin R 


The Model “SR” Recorder 


Sargent offers the Model SR 
to fill the need for a low 
cost recorder that features: 
maximum accuracy at a 
minimum cost; 250 mm 
width chart; fast balancing. 
speed of 1 second; high sen- 
sitivity, high gain amplifier; 
and square cornering at 
10,000 to 50,000 ohms input. 
This instrument provides 
the minimum required 
flexibility at the lowest pos- 
sible cost. 


S-72180 Sargent Recorder 
(Pat. No. 2,931,964) 


Designed and Manufactured by E. H. Sargent & Co. For complete specifications 
write for Bulletin SR-B 


SA R G E N LABORATORY INSTRUMENTS if 


E.H. SARGENT & CO., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH.+ DALLAS 35, TEXAS BIRMINGHAM 4, ALA. SPRINGFIELD, N.J. 
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Chemical Instrumentation 


S. Z. LEWIN, New York University, Washington Square, New York 3, N. Y. 


Tis series of articles presents a survey of the basic principles, 


characteristics, and limitations of those instruments which find important ap- 
plications in chemical work. The emphasis is on commercially available 
equipment, and approximate prices are quoted to show the order of magnitude of 
cost of the various types of design and construction. 


13. Nuclear Radiation Electronic Gear. 


Few fields of instrumentation are as 
well endowed with commercial firms pro- 
ducing a wide variety of models for all 
types of use as is the nuclear field. This 
is in large part due to the subsidization of 
engineering developments in this field by 
the federal government because of its 
interest in fissionable materials. The in- 
strument user is the fortunate beneficiary 
of this situation, for he now has available 
a wide range of instruments from which 
to choose the specific ones that are best 
suited to his needs and budget. 

The following paragraphs summarize 
the types of instrumentation currently 
available from the major U.S. manufac- 


turers. Since in many cases equivalent’ 


models of instruments are produced by 
several manufacturers, not all the models 
of each supplier are mentioned in detail. 
Also, the design of nuclear detection in- 
strumentation has developed rapidly in 
the past decade, and model changes have 
taken place with greater frequency in this 
field than in most other areas of instru- 
mentation. This summary emphasizes 
the most recent models of the various 
manufacturers. 


Lionel/Anton Electronic Laboratories 


One of the principal suppliers of nuclear 
detector tubes, and a manufacturer of a 
line of radiological survey and counting 
equipment, is Lionel Electronic Labora- 
tories, Brooklyn 37, New York, formerly 
known as Anton Electronic Laboratories. 
This company’s detector tubes have been 
mentioned earlier in this series (cf. No. 12, 
“Nuclear Radiation Detectors’’), and 
include a wide range of sizes and shapes, 
ranging from a 0.1-inch diameter thin- 
wall beta-gamma dipping or probe tube 
to cosmic ray and neutron detectors 
several feet long and several inches in 
diameter. A useful and unique feature of 
this line is a number of “pancake’’-shaped 
detectors that are sensitive to alphas and 
betas, but relatively insensitive to 
gammas, which mostly pass through the 
thin, flat detector without producing 
ionizing events. This manufacturer spe- 
cializes in the production of halogen- 
quenched Geiger-Mueller detectors, which 
have the advantage of very long life (not 
limited by total number of counts re- 
corded, as is the case with organic vapor- 
quenched G.M.-tubes), and the ability to 
withstand high overvoltages. 


A portable, transistorized survey meter 
recently introduced by this manufacturer 
is shown in Figure 27. This instrument 
(Model 701, $139.50 with beta-gamma 


Figure 27. Model 701 Alpha-beta-gamma 
survey meter of Lionel/Anton Electronic Labs. 
The beta-gamma probe is shown plugged 
in to the measuring circuitry. It consists of a 
thin-wall halogen-quenched Geiger-Mueller tube. 
The alpha-beta detector shown beside the 
instrument has a mica end-window. 


probe only; $225 with additional mica 
end-window probe) is powered by five 


feature 


1.5-volt flashlight batteries which are 
contained in a removable compartment at 
the bottom of the instrument, as shown 
in Figure 28. The high voltage (930 + 
20 v) for the G.M.-tube is obtained by 
means of a transistor oscillator, and is 
regulated by a corona discharge voltage- 
regulator tube. The read-out is aural 
via the head-set, or visual via a count- 
rate meter. The ranges of this instru- 
ment are calibrated for 0-0.5, 0-5, and 
0-50 milliroentgens per hour, which are 
equivalent (for a radium source) to 0-300, 
0-3000, and 0-30,000 counts per minute. 
A calibrated Ra D and E source is im- 
bedded in the wall of the instrument 
case, and the meter scales can be stand- 
ardized simply by placing the probe next 
to this check source and making appro- 
priate adjustment of a variable resistor. 

A more precise measuring instrument is 
the Model 45 Radioactivity Scaler-Rate- 
meter ($495), the electronic design of 
which is illustrated in Figure 29. An 
amplifier-discriminator circuit shapes the 
detector pulses, and passes only those 
the amplitudes of which are above a mini- 
mum value, which may be chosen by 
means of an _ internal control. The 
pulses may be fed either to a rate-meter 
circuit that converts them into a meter 
reading whose deflection is proportional 
to the counting rate, or to a scaler circuit 
that registers the total count detected 
in a given time interval. An audio 
circuit is provided for producing a loud 
click for each pulse. The power supply 
circuitry provides both regulated and 
unregulated supply voltages for the other 
circuits. Because of the versatility of the 
read-out, this instrument is useful for 
lecture demonstration purposes, as well 


Figure 28. Battery section of Lionel/Anton portable survey meter. 
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108 LABS. 


19 F.0.B. Brooklyn Plant 
Price includes Probe and Detector 


The new transistorized Type 457 radioactivity ratemeter wiil fit the most modest school or university budget 
and will fill your radiological counting needs with years of accurate trouble-free service. 
Transistorized—No warm-up time. 

Adjustable Power Supply (500 V to 1200 V). 

Large 4% inch meter face indicates count rate... has dual range: 0-1500 CPM; 0-15,000 CPM. 
Loudspeaker for aural monitoring with volume control. 

Neon flasher for visual monitoring. 

External jack for meters or recorders for demonstrations, etc. 

The Anton/Lionel 114/6993 thin-wall, stainless steel halogen quenched counter tube will withstand 
the most severe laboratory or student abuse. Its life is unaffected by extended operation and it cannot 
be damaged by overvoltage. 

The Type 457 was designed to perform all experiments and demonstrations such as those listed in 
“Teaching with Radioisotopes prepared by the U.S. Atomic Energy Commission.” 


LIONEL ELECTRONIC LABORATORIES corporation 


“FORMERLY ANTON ELECTRONIC LABORATORIES, INC. /1226 FLUSHING AVE., B’KLYN 37, N. Y. 
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as for survey and routine radiological 
work. The ratemeter accuracy is +5% 
of full scale; the scaling section has a 
resolving time of 2 X 107‘ seconds 


Figure 29. Block diagram of electronics 
of Model 45 Radioactivity Scaler-Ratemeter 
of Lionel/Anton Electronic Laboratories. 


(i.e., pulses separated by 200 microseconds 
or more are detected as individual counts). 


Tracerlab 


One of the most extensive lines of de- 
tectors and counting systems in the nuclear 
field is available from Tracerlab, Inc., 
Waltham 54, Massachusetts. This com- 
pany, which was amoag the first to pro- 
duce commercial radiological instrumen- 
tation during and after World War II, 
offers not only instruments, but also 
labeled compounds, radioactive sources, 
decontamination services, and other sup- 
plies and services. 

An example of this manufacturer’s 
survey instruments is the Model SU-14 
Alpha Beta Gamma Survey Meter ($260), 
the circuitry of which is shown in Figure 
30. The lower portion of the diagram 
shows the power supply section, which is 
based upon four 1.5-volt flashlight bat- 
teries, and three 45-volt portable-radio 
type batteries. A relaxation oscillator, 
consisting of V-1, R-1, and C-1 feeds 
pulses of a sawtooth waveform through a 
pulse sharpening network, R-2 and C-2, 
to the grid of V-3. The subsequent pulses 
of plate current through 7-1 produce 
large ac voltage pulses which are rectified 
by V-4 and filtered by the R-C filter. A 
de voltage at V-5 causes a corona dis- 
charge to occur, and this current flows 
through R-13. Any small changes in this 
corona regulation current through R-13 
caused by battery decay of B-1 and B-2 
will affect the bias voltage on the grid 
of V-2. The plate voltage of V-2 will 
increase if its grid voltage decreases. 
The bias voltage on V-3 is therefore in- 
creased as the regulator current through 
R-13 drops. With an increase in bias, . 
V-3 will draw a large pulse current through 
T-1, thereby increasing the voltage level 
at the corona regulator tube. 

The upper portion of Figure 30 shows 
the ratemeter circuit. Tube V-7 is the 
normally-on tube of a univibrator circuit. 
Since its plate voltage and grid-bias are 
derived from a regulated supply voltage, 
the ratemeter sensitivity is constant, in- 
dependent of battery age or condition 
over a considerable range: The ranges of 
this instrument are 00.25, 0-2.5, and 
0-25 mr/hr. The accuracy is +15% 
of the mr/hr scales for Co-60 radiation. 
Tracerlab produces a number of other 


(Continued on page A892) 
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4 PICKER NUCLEAR TRAINING INSTRUMENTS 

ne permit scheduling full laboratory courses in 

radioisotope techniques. The Pick 
These transistorized instruments are remarkably og Division 
A compact (as you can see above). They are good- prepared to help interested insti- 
s- looking, rugged, easy to understand, and simple tutions in drawing up training 
v8 to use. They have the versatility and capacity not programs in the use of nuclear 
~ only for basic nuclear training, but for handling techniques in biology, chemistry, 
2 advanced techniques like pulse height anaylsis medicine, agriculture, physics, 
id and rate function studies. and other fields. 

ill Their cost falls well within the reach of modest 

8. equipment budgets, such as those supported by 

n- A.E.C. grants-in-aid in pursuance of its Nuclear 

th Education Program.* For details, please call any 

8, . | local Picker office (see ’phone book) or write 

th Picker X-Ray Corporation, 25 South Broadway, 

el White Plains, New York. : 

vs 

he 

it. 

re 

re, 

n- Standing behind every Picker instrument is a local member of the 

on . Picker X-Ray national sales and service network. 

= He’s there to protect your investment. 

% Because of him the user of a Picker instrument is never left stranded. 
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survey instruments, including pocket 
dosimeters, ionization chamber survey 
meters, and laboratory monitors. This 
company also manufactures a variety of 


+i35V 


+60V REG 


scalers and ratemeters, comprising ex- 
amples of most of the types of read-out. 
These include binary scalers, decimal 
scalers, glow transfer tube decade scalers, 
and automatic data print-out devices. 
Some idea of the characteristics of the 
several types of scalers available can be 
gained from the data in Table 1, p. A404. 

One of the more recent radiation detec- 
tion systems developed by Tracerlab is 
the Omni/Guard Low Background Beta 
Counting System ($4390 to $7980, de- 
pending on accessories). The principles 
of the design of this system are illustrated 
by the block diagram shown in Figure 31. 
The sample is positioned close (within 1 
mm) to the window of an ultra-thin end- 
window (less than 125 microgram/cm?) 
gas flow counter. This detector yields 
pulses due to the sample, together with 
pulses due to cosmic radiation, and sur- 
rounding terrestrial radiation. A dome- 
shaped gas flow counter surrounds the 
sample counter, enclosing all but the 
window of the latter. The pulses from 
the guard counter are compared with those 
from the sample counter by means of the 
anti-coincidence unit. Cosmic radiation 
and energetic terrestrial radiation will 
caus? simultaneous ionizations to occur 
in both the guard and sample counters, 
and such coincidences will not be counted. 
Only pulses originating in the sample 
counter, and which do not coincide with 
pulses occurring in the guard counter, are 
passed by the anti-coincidence unit. 
Thus, the scaler can be set to count only 
the sample, free of most of the background 


(Continued on page A396) 
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Model 500 
decimal printer 


— the TMC Model 404 


The new TMC Model 404 is the most. portable pulse 
height analyzer you can own. Take it and use it anywhere. 
With its all-transistor, printed circuitry and 400-channel 
memory in a ‘package just over a cubic foot, this analyzer 
is small enough to operate on your desk. All the instru- 
ments needed for an experiment can be carried easily by 
one person. 


The Model 404 has a magnetic core memory that can be 


pulse height analyzer 


used in sub-groups of two or four; four separate inputs 
and associated amplifiers; internal pulse routing circuitry; 
pushbutton data transfer and display overlap; very low 
power requirements and many ‘“‘system” advantages. And 
it can be used with the new solid state detectors. 

For readout, use its companion unit, the Model 500 
Decimal Printer; a high speed paper tape punch; strip 
chart or X-Y recorders; or an IBM electric typewriter. 


LITERATURE ON REQUEST. 


441 WASHINGTON AVENUE 


TECHNICAL MEASUREMENT CORPORATION 


NORTH HAVEN, CONNECTICUT 
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NOW FOR AS LITTLE AS *4,000 ! 
Sauee* — Complete RCA X-Ray Diffraction Equipment 
for all Types Film Studies 


Think of it—a complete x-ray diffraction facility for film studies can be yours now for less than 
$4,000.00. A typical installation could include: a Crystalloflex II X-Ray Diffraction Generator 
complete with two powder cameras, a flat camera, and a stereo-microcamera, a copper target 
x-ray tube and camera carriers. Other combinations, with prices varying according to the selection, 
could include both one and two radian cylindrical cameras, flat cameras and the very versatile 
70mm. film with one radian cylindrical camera which can be used for powder diffraction, sym- 
metrical back reflection work and rotating crystal layer line diagrams. A wide variety of additional 
cameras, x-ray tubes with other targets, and attachments for special specimen handling are 
also available. RENTAL PLAN: $105 MONTHLY 


Cameras used with the Crystalloflex II can be operated simultaneously at four x-ray ports, each 
of which is equipped with an individually timed shutter. Rating of this compact table model is 
25 to 60 KV in 5 KV steps. Tube current control is continuous from 0 to 40ma. Overall size of the 
4 eae unit is 24’ wide x 32”’ high x 22’’ deep. The Crystalloflex II can also be tilted so that the tube may 
STRESS CAMERA be operated horizontally. All these features make this generator an excellent tool for chemists, 
Peo metallurgists, physicists and biologists whose research projects usually entail a high volume 

and wide variety of film work. 


RCA also offers the Crystallofiex IV console model generator, and the world’s most complete line 
of attachments and accessories for x-ray diffraction and spectroscopy including an excep- 
tionally versatile group of cameras, pole figure goniometer, single crystal layer line and micro- 
fluorescence attachments. 


oe eg 4 Contract services on RCA X-Ray diffraction equipment and electron microscopes are available 
STEREO-MICROCAMERA through eleven regional offices of the RCA Service Company. 


For more information about this 
advanced equipment or a es 
your requirements, write: io 
Corporation of America, Dept. W-427, The Most Trusted Name in Electronics 


Building 15-1, Camden, N.J A RADIO CORPORATION OF AMERICA 
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When you need 


equipment for 
NUCLEAR EDUCATION... 


Talk to Tracer lab! Whether you are ina 


position to completely equip your laboratory now, or 
must make do with a few basic instruments, it will pay 
you to talk to Tracerlab! 


Tracerlab offers a wide range of instruments and acces- 
sories for nuclear education — scalers, ratemeters, lab- 
oratory monitors, detectors, sample changers, survey 
meters, radio-chemicals, reference sources, personnel 
protection equipment and many other accessories. This 
equipment is designed and built for constant use in re- 
search laboratories and a greater ruggedness and quality 
than that usually offered for educational purposes. This 


Tracerlab 


TRACERLAB, INC.,, 1610 Trapelo Rd., Waltham 54, Mass. + 2030 Wright Ave., Richmond, Calif. 


means more value for your money when you specify 
Tracerlab. (Where research funds are limited, Tracerlab 
instruments do double duty — education and research.) 


Your Tracerlab man is well qualified to help you select 
the equipment best suited to the aims of your courses. 
If you’re applying for a grant for financial assistance, 
he will be pleased to assist you in the proper preparation 
of the required information. 


For additional information on Tracerlab Equipment for 
Nuclear Education write for General Catalog F. It’s 
yours for the asking. 
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UNITED 
NATIONS 


Peaceful Uses 
of 
Atomic Energy 


33 volume set $500.00 
separate volumes in 
the following fields: 


© CHEMISTRY 

PHYSICS 

¢ BIOLOGY & MEDICINE 
© CONTROLLED FUSION 
NUCLEAR MATERIALS 
¢ REACTORS 


Please note: Grants through U. S. Atomic 
Energy Commission include books. 


UNITED NATIONS 
Sales Section (JCE-6), 
New York, N. Y. 


individual prices to: 


Name. 
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pulses. As the Figure shows, the scaler 
may also be used to count directly the 
cosmic ray background, as well as the 
sample plus its background. “ 


GUARD 
COUNTER 


ing of large numbers of samples on a 
routine basis is the Multi/Matic sample 
changer ($1440), shown in schematic 
diagram in Figure 32. Samples are 
automatically elevated to the counting 
position, counted for the desired period, 
then removed and a new sample placed 


GUARD 


MULTIVIBRATOR 
ANTI- NET 
UNIT 
SAMPLE 
COUNTER 


COINCIDENCE | + 


MULTIVIBRATOR 


COUNTER 
SAMPLE 


A 
TOTAL 
SAMPLE 
COUNTS 


(TO AUX, SCALER) 


Figure 31. The Omni/Guard Low Background Beta Counting System of Tracerlab in block diagram. 


A 
AZ 


LEAD 
SHIELDING 


Figure 32. Diagram of the design of the Tracerlab Multi/Matic automatic sample changer. 


A convenient accessory for the count- 


(Continued on page A402) 


Photo Electric 
Polarimeter 


Please send brochure on the 33 volumes and 


$5,750. 


AND 


For RESEARCH 
LABORATORY WORK | 


COMPLETE LINE 
OF FE... 


PULFRICH 
ABBE 
IMMERSION 
PROJECTION 


PHOTO-ELECTRIC 
STANDARD LARGE 
STANDARD SMALL 


Write for Details 


EPIC 
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To be considered truly hi-fi, an amplifier’s distortion at 
rated output must not exceed 1% at 20 CPS and 20,000 
CPS. B&A reagents meet standards far higher than these. 
Their maximum allowable impurities are limited to thou- 
sandths and ten thousandths of a percent. 

These specifications are, in every case, predetermined. 
They meet or exceed A.C.S. specifications where these 


BAKER & ADAMSON® 
Reagents 


hemical 


fidelity? 


have been set. And where no A.C.S. standards exist, they 
must meet our own equally stringent specifications. 

B&A has set the pace in reagent purity since 1882 and 
is the world’s leading supplier of reagent chemicals. 
You’re always sure of prompt delivery from our nation- 
wide network of shipping points. For all these reasons— 
when it comes to reagents, come to BE A! 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 


| 
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Students Prepare Radioactive 
Precipitate in Minutes 


The single most outstanding feature of the 
new 4001 Nuclear Training System is ease of 
sample preparation. Nuclear-Chicago has de- 
veloped a simple and unique chimney funnel 
which contains a porous steel disc on which 
the radioactive precipitate is deposited. The 
technique is simple and consists of three easy 
steps: (1) The porous sample disc is placed 
in lower portion of the funnel. Chimney holds 
disc in place. (2) Suspension of radioactive 
material is added and liquid phase filtered off. 
Disc with radioactive deposit is removed , dried, 
and placed in sample-pan holder, (3) The 
holder is inserted into three-level sample 
mount for counting. The disc is easily cleaned 
and may be used repeatedly. Entire procedure 
takes only minutes. 


Model 4001 Nuclear Training System 


Shipped complete with Scaler, Timer, Mount, 
Geiger Tube, Radionuclide Set, two Sample 
Preparation Sets, Solid Source Set, Radio- 
nuclide Certificate Book, nine Experiment 
Manuals, and Instructor Notes Manual. The 
Mode! 4001 system provides ali the radioactive 
reagents, instruments and accessories re- 
quired by the experiments. Price $965.00 


an ao 


Student experiments, platform 
demonstrations, postgraduate 
research. Radioisotope training 
can now be incorporated into every 
chemistry class with the first com- 
plete low-cost nuclear laboratory 
developed for schools. Model 4001 
system is a precise teaching aid 
supplied with specially prepared 
course material to integrate radio- 
chemistry into the course curricu- 
lum without disrupting existing ex- 
periments. Though its precision and 
reliability make it valuable in radio- 


chemical research, operation is so 


simple that it may also be used in 
advanced high-school teaching. 


New insights and new interests 
come from the dramatic use 
of radioisotope procedures in con- 
ventional classroom experiments. 
While the important chemical sub- 
ject matter is taught, the instructor 
can at the same time include nuclear 
techniques as a secondary feature 
... Without having to change course 
material. With the 4001 system, ra- 
dioactivity is presented naturally as 
another tool with which to solve the 
practical problems of science. 


le 


Nuclear-Chicago offers complete classroom nuclear 
laboratory, 33 special radiochemistry experiments 


The fact that students may 
have had little or no experience 
in handling radioisotopes is recog- 
nized in the practical experiments 
contained in the laboratory man- 
uals supplied with the 4001. Even 
spills present no serious problem 
because of the extremely low 
amount of radioactivity used by 
each student. No license from the 
Atomic Energy Commission is re- 
quired to purchase or use the iso- 
topes supplied with the system. 
Most of the experiments presented 
in the manual are planned so that 
one generally licensed package of 
radioactive chemical will suffice for 
30 or more students. 


33 radioisotope experiments for 
the chemistry curriculum. Full 
emphasis on the chemical principles 
rather than the technical aspects of 
radioisotopes is given in the 33 spe- 
cially developed experiments. The 
187-page Laboratory Manual and 
the 60-page Instructor Notes Man- 
ual provide a detailed, comprehen- 
sive source of radioisotope informa- 
tion and experiments. Fifteen of 
the experiments illustrate the prop- 


erties of radioisotopes and the in- 
struments involved in their detec- 
tion and measurement. The remain- 
ing 18 emphasize the role of radio- 
activity in chemical analysis. 


Send for free text. A copy of the 
187-page Laboratory Manual and 
further information on the 4001 
system are available to educators 
at no charge. Please request your 
copy of the Chemistry Experiment 
Manual and 4001 brochure. 


nuclear-chicago 


CORPORATION 


343 East Howard Avenue, Des Plaines, Illinois 


q 
é 
: 
> 


Victoreen, the first name in radiation 
measurement, is delivering the last 

word in multi-channel analyzers—the 
Tullamore-designed Model ST-200D 


# 200 or 400 Channel ferrite core memory 

® Dual input—Simultaneous data accumulation 

Subgrouping and bi-directional logic 

® Parallel or serial readout— Wide selection of 
readout devices 

® Visual display and readout— Linear, log or 
both simultaneously 

® Simultaneous linear and log plot 


A-4003A 


Service by 
RCA SERVICE COMPANY 
A Division of Radio Corporation of America 


4 ta 
RT: 240 WEST 17TH ST. K 17. N kee. 


COLEMAN 


The Coleman UNIVERSAL Spectrophotometer can do 
more work at lower cost than any similar instrument. 


This superbly versatile instrument is instantly 
adaptable to: 


Spectrochemistry 
on Fluorimetry 

Nephelometry 
f and a wide range of Macro 
and Micro Technics 


In each method the Universal's precision and 
sensitivity will satisfy the most exacting ari- 


03 A. 


alyst. It is ideal for labs requiring a variety of 
analytical technics or where personnel and 
space is limited. 


From sample handling to readout, the Univer- 
sal is unmatched for speed, reliability and 
convenience. It has so many features and 
hosts of accessories that it takes 8 pages to 
describe. Investigate this time and money 
saver. Ask for Bulletin BB-241 


COLEMAN INSTRUMENTS, INC., MAYWOOD, ILLINOIS 
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in position. As many as 50 two-inch 
diameter planchets can be loaded on the 
horizontal holding platform, and a pro- 
gram control permits choice of repetitive 
counting of a single sample, counting each 
sample only once, or continuous recycling 
of all samples. 

Another approach to the counting of 
low-energy samples under conditions that 
lead to discrimination against the natural 
background is embodied in the Model 
LSC-10 Liquid Scintillation Counting 
System (semiautomatic $6500, fully auto- 
matic $9950). Figure 33 shows a block 
diagram of the electronic design of this 
system. The scintillator is in the form 
of a well, contained in a deep-freeze re- 
frigeration unit. The samples are in- 
serted into the well cavity, and produce 
scintillations, which are viewed by two 
photomultipliers mounted at 90° to each 
other. The deep freeze is used because 
the noise level of the photomultipliers is 
very much reduced if they are operated at 
reduced temperatures. The 90° mount- 
ing permits the two detectors to view the 
scintillator and to sense all light flashes 
produced by the sample, yet they do 
not view each other and do not. sense the 
phosphorescence produced in each by 
natural background K-40 activity or by 
cosmic radiation. 

The signals from the two phototubes are 
amplified, and passed by a lower level 
discriminator to a coincidence unit. The 
lower level discriminator passes only those 


>| Preamplifiers Linear 
Amplifiers 


Blanking 


Lower Level Coincidence Delay 
Discriminator Gate Line Gate 


Upper Level 
Discriminator 


Linear 


Preamplifiers ‘Amplifiers 


Lower Lever 
Discriminator 


4 


Output 
Pulse To 
Sealer 


Figure 33. Block diagram of electronic system of the Tracerlab Model LSC-10 liquid scintillation 


counting system. 


signals whose amplitude exceeds a given 
value, thus rejecting a portion of the 
spurious noise signals. The coincidence 
gate only passes those pulses which were 
simultaneous in both phototubes, provid- 
ing additional discrimination against ran- 
dom noise signals. The upper level dis- 
criminator permits only those signals to 
pass which do not exceed in amplitude 
a given value, rejecting some more of the 
random noise signals. The discriminators 
also permit the output to be selected for 
some particular isotope in a mixture of 
isotopes, by choosing the upper and 
lower levels so as to pass the desired 
pulses, and to reject those from weaker 
or stronger radiations. ; 

A sample changing device permits up 
to forty 20-ml vials to be mounted on a 
turntable and allows the operator to 
transfer a sample from the turntable 
into the counting cell without opening the 
freezer. This permits the system to 
remain dark-adapted throughout the 
series of measurements, and assures con- 
stant operating conditions for all samples. 

A type of nuclear radiation instrumenta- 
tion that has become increasingly im- 


portant in recent years, as commercial 
models at reasonable prices have become 
available, is the radiological spectrom- 
eter. This instrument is based upon the 
pulse height analysis of the light flashes 
produced by nuclear radiations in a scin- 
tillator. Essentially, it consists of a 
scintillation detector, preamplifier, linear 
amplifier, lower level discriminator, upper 
level discriminator, and ratemeter or 
sealer circuitry for the detection of the 
output signals. A single-channel  sypec- 
trometer has one combination of circuits, 
as described, and no memory circuit, so 
that the information is read out in a point- 
by-point fashion, for each setting of the 
discriminators. 

Tracerlab manufactures a number of 
single channel spectrometers. Model 
SC-76 ($875) is simply a linear amplifier 
with lower and upper level discriminators. 
The amplifier rise time is 0.25 micro- 
second; a 250-fold overload can be ac- 
cepted without overshoot or double puls- 
ing; the maximum gain is 3000; and the 
input sensitivity is 2.0 millivolts. The 
lower discriminator limit is 5 volts, and 

(Continued on page A404) 


its solvent. 


3805 N. 5th St. 


Direct Measurement 
of Difference in 
Refractive Index 


The New Brice-Phoenix Differential 
Refractometer uses a split cell to 


measure the difference in refractive 


Limiting sensitivity 3 X 10~¢. 
For complete details write Dept. CE-3 


PHOENIX PRECISION INSTRUMENT COMPANY 
Phila. 40, Pa. 


2. 


MEASURE MOLECULAR WEIGHT 
AND PARTICLE SIZE 


NEW BRICE-PHOENIX UNIVERSAL 
LIGHT SCATTERING PHOTOMETER 


index between a dilute solution and —"s 


Absolute Turbidity 


Dissymmetry 
3. Depolarization 


This instrument is listed in U.S. Government specifi- 
cations for the evaluation of certain clinical materials. 
For complete details write Dept. CE-2 


PHOENIX PRECISION INSTRUMENT COMPANY 
3805 N. 5th St. 


Philadelphia 40, Pa. 
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Analytical Filter Papers 
Quick Rebrence Cotalg 


in the filtration of the individual 
Particularly useful in the filtration ef 


CARL SCHLEICHER co. 
Keene, New Hampshire 


—- 


FILTER gina DATA FOR QUICK REFERENCE > Carl Schleicher & Schuell Co. 
Valuable up-to-date SaS Quick Reference Catalog i Keene, New Hampshire, Dept. JC-6 
gives filter paper data at a glance. Eight color pages. — 
Sections on filter paper: Ash Free (less than 
0.007% ash); Qualitative; Hardened and . 
High Wet Strength; Folded; Miscellaneous and Filtration "¥ (Company) 
Specialties. Description of each paper, uses, oe 
circle diameters, sheet sizes. INCLUDES HANDY ‘ 
SaS FILTRATION CHART showing retention values. City) (State) 


Send for your S&S Quick Reference Catalog now e C0 Also send S&S Analytical Filter Paper Sampler 


(Name) (Position ) 


(Address) 
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the upper limit is 105 volts. The window 
width, i.e., the difference between the 
lower and upper discriminator levels, may 
be chosen to be any value from 1 to 101 
volts. 

If the window width is set at some value, 
say 1.0 v., and the lower level discriminator 
is set at various values from the lowest 
to the highest, the pulse height spectrum 
of the sample will have been scanned in a 
differential manner. If the upper level 
discriminator is set at its maximum value, 
and the lower level discriminator is 
scanned from the smallest value up, the 
pulse height spectrum of the sample 
will have been obtained in an integral 
manner. 


preset or elapsed-time synchronous timer. 
It permits precision measurements of the 
pulse height spectrum by either the dif- 
ferential or the integral techniques. 

The Model SC-788 spectrometer ($2600) 
is similar to the above, but is provided 
with an automatic stepwise channel 
advance mechanism, which can move the 
threshold setting (lower level discrim- 
inator) from a selected starting point to 
the maximum threshold setting in 1-volt 
steps. At each setting, the sample under 
analysis is counted to the preset time or 
preset count. 

For continuous plotting of a pulse 
height spectrum, the pulse height analyzer 
can be combined with a ratemeter circuit, 
and the output can be observed visually, 
or fed to a recorder. This is a more 
rapid method of obtaining a spectrum, 
but is less accurate than the point-by 


Table 1 


Resolving 


Input sensitivity time 


Sealing circuit 


(volt) (microsec.) Price 


Beam-switching 
Decade 
Binary 
Glow-transfer 


SC-70 
SC-33B+ 
SC-19A 
SC-90 


0.05-2.0 


0.1 -0.5 


0.25 
0.25 


* No longer in production. 


The Model SC-81 spectrometer ($1700) 
includes a high-voltage power supply 
(for the scintillation detector), a non- 
overloading linear amplifier, a pulse 
height analyzer (single-channel, as de- 
scribed above), a high-speed scaler, and a 


point procedure. The Model SC-80 
($1470) is such a ratemeter spectrometer. 


Next: Conclusion of the survey of com- 
mercially available nuclear radiation in- 
strumentation. 


pH At Your Fingertips 


RECORDING pH METER 


A pH meter and strip chart recorder in one. 
Line operated. Simple to operate. Continuously 
indicating. Write for Bulletin No. 3R. 


POCKET 
pH METER 


Battery operated. Com- 


REDOX-pH METER 


Dual Probe. Line operated. Large 
0-14 pH scale. For simultaneous 
millivolt and pH readings without 
changing electrodes. Temperature 
compensator 0-100°C. 


Write for Bulletin No. 700 MV-pH. 


pletely self contained in 
water-proof everready 
case with shoulder strap. 


Meter 
with simple justment 
for full pH scale. 


pH, 


Write for Bulle- 


tin No. 100 
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Be sure to mention the 
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CHEMICAL EDUCATION 


when ordering or writing 
for more data on prod- 
ucts you read about in 


Chemical 
Iustrumentation 


or in advertisements. 


Or, if you like 
our Readers’ Service Dept. 
will obtain further 
information for you. 


Just write 
Readers’ Service Dept. 


Journal of 


CHEMICAL EDUCATION 


500 FIFTH AVENUE NEW YORK 36 


BIG SCALE pH METER 


Line operated with protected Analytical 
Probe Unit. Large 7” 0-14 pH scale 
One operating control. 


Write for Bulletin No. 700. 


Prices of Analytical pH Meters start at $125.00. 
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Out of the 


EDITOR’S BASKET 


Edited by William G. Kessel 


When writing for additional information about new products or for 
new literature, your inquiry will receive prompt attention if you write 
on your firm or Institution letterhead and mention the Journal of 


Chemical Education and the date of the particular issue. 


Pamphlets, 


booklets and similar literature are gratis unless otherwise specified. 


New Apparatus and Equipment 


> A totally new concept in laboratory 
equipment has just been added to the line 
polyethylene labware produced by Pio- 


neer Plastics, Inc., Box 8066, Arlington 
Branch, Jacksonville 11, Florida. The 
Twistcock Connector combines the fune- 
tions of a Stopcock and a quick disconnect 
Flexible Tubing Connector. It seals 
against 40 lb water pressure. Available 


To THE LAB SINE 


GONE, the drab brown—the dull black. 


contact your 


Here, in ageless chemical porcelain, 
cool “surf-green,” soft “mist-gray” 


i and sparkling white. 
All made from the one material 


Laboratory’ 
Furniture 
Manufacturer 


which requires no corrosion guide— 
no warning sign “don’t put sulphuric and 
chromic acids here”—for these 


incomparable porcelain laboratory sinks 
will handle any corrosive, weak or strong, 
hot or cold—and without time limit. 


Match the beauty of your new lab 


or write 
direct for 
Bulletin L8-R 


with the beauty of these impervious sinks, 
as permanent as the building in which 
they are installed. 


AKRON OHIO 


through leading supply houses or direct 
from the manufacturer. 


> Labasco, laboratory equipment sup- 
pliers offer through their dealers a new 
laboratory burner, ‘‘Flexiflame,’’ with sev- 
eral desirable innovations. 


p> Corner-Scope distillation rack offers 
a new concept in function and style for a 
laboratory distillation rack. Wasted cor- 
ner space is utilized and two independent 
complex setups can be carried on simul- 
taneously without crowding of equipment 
or personnel. Write Metalab Equipment 
Co., 270 Duffy Ave., Hicksville, L. L., 
New York, N. Y. 


p> A precision differential thermistor ther- 
mometer, capable cf measuring tempera- 
tures to 0.001°C, is now available from 
Fiske Associates, Bethel, Connecticut. 
Designed for use in measuring tempera- 
ture fluctuations in colorimetry, change-of- 
state experiments, research reaction stud- 
ies, cryoscopy, chemical and medical re- 
search, these new precision thermometers 
open whole new areas of temperature meas- 
urement and calibration. They excel 
ordinary resistance thermometers in sensi- 
tivity, have lower heat capacity, and gen- 
erally are smaller and more rugged. 


> Waring Products Corp. of Winsted, 
Connecticut, a subsidiary of Dynamics 
Corp. of America, has announced the addi- 
ition of a new model, LB-1, to their es- 
pecially developed line of Blendors for 
commercial, medical, scientific, dietetic, 
and industrial use. 


> Hudson Bay Co., Labline, 3070 W. 
Grand Ave., Chicago 22, Illinois, an- 
nounces the addition of a 4-cubic foot up- 
right chamber to its present line of tem- 
perature-humidity test cabinets. This 
high-performance unit has a temperature 
range of 0 to 200°F with a control toler- 
ance of +2°F and a humidity range of 20 
to 95% RH within +5%. Ask for Bulletin 
No. 31. 


> California Scientific Glass Co., 9811 E. 
Rush St., El Monte, California, announces 
the availability of Orseal barosilicate glass 
joints. These Series 7700 do not require 
lubrication, are vacuum-tight and will 
withstand up to 50 lb internal pressure. 
They may be joined within 10 degrees of 
axial centers and secured with standard 
metal ball and socket clamp. 


p> A highly sensitive, fast responding elec- 
tronic relay that will switch up to 15 amp 
with a 1.8 microamp or less control signal 
has just been marketed by Cenco as No. 
99790 Electronic Switch. Write Central 
Scientific Co., 1700 Irving Park Rd, Chi- 
cago 13, Illinois. 


> The Dipolemeter DM 01 is a precision 
measuring instrument designed for the 
evaluation of the molecular electrical dipole 
moment of liquids by accurate measure- 
ment of the dielectric constant. It further 
permits exact determinations of the dielec- 
tric constant of liquids, pastes, and solids 
for non-destructive quality control, purity 
test, dielectric analyses, chemical investi- 
gations, etc., because of its extremely sen- 


(Continued on page A407) 
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WEST GERMANY 


For utmost ease and 


speed in checking 
liquids and solids 


The famous ABBE REFRACTOMETER 


Incorporates the following features: 
Range of measurements: np 1.3 to np 1.71 and sugar percentage scale 0% to 
95%. For liquids and solids by transmitted and reflected light. 
Measuring surface of index prism always at horizontal position. 


Observation telescope mounted stationary at an inclined position to carry out 
. measurements at a relaxed posture. 


: Border line of total reflection and scales are observed simultaneously in tele- 
Write for free scope. 


detailed literature | Measuring prism in heating mount can be easily interchanged. 


All movable parts are fully protected by being entirely enclosed within the 
housing. 


Special index prism in heating mount available for measurements up to np 
1.85 (on special order only). 


For highest-accuracy measurements, an Ultra-Thermostat with different con- 
stancy of temperature +0.005° is available as an accessory. 


In addition to the above model, the new Abbe Refractometer Model B is avail- 
able for use where high temperatures are involved. This model is equipped 
with temperature controls, and finds a wide use in industrial laboratories. 


COMPLETE 


ZEISS, INEZ. SERVICE FACILITIES 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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sitive measuring range (2.10~> for liq- 
uids). Write the Kahi Scientific Instru- 
ment Corp., P.O. Box 1166, El Cajon (San 
Diego), California. 


> Industrial Instruments, Inc., 89 Com- 
merce Rd., Cedar Grove, Essex Co., New 
Jersey, offers a portable model OA-3 dis- 
solved oxygen analyzer. The instrument 
utilizes the unique reactivity of metallic 
thallium to traces of oxygen producing 
thallons hydroxide which increases the 
conductivity of the water. 


p A triple-service Fyr-Fyter All-Purpose 
Dry Chemical Fire Extinguisher, now 
available for built-in wall cabinet installa- 
tion, greatly simplifies and speeds modern- 
day interior fire protection. The extin- 
guisher, said to be the latest major 


development in the safety field, is Under-* 


writers’ and Factory Mutual approved 
for combatting ‘“‘all’’ classes of fire; 


general combustible, burning liquid and 


electrical fires. Cabinet equipped with 
the All-Purpose extinguisher thus be- 
comes a complete fire control center. 

The Fyr-Fyter high capacity 20 lb All- 
Purpose extinguisher is sized for installa- 
tion in the company’s architecturally 
engineered series of Model 480 cabinets. 
Cabinets can be furnished in all standard 
dimensions or can be custom built to 
specification. 

Further information on the All-Pur- 
pose extinguisher or available cabinet 
styles will be supplied free on request 
from The Fyr-Fyter Co., 221 Crane St., 
Dayton 1, Ohio. 


p> A new tin-lined goose-neck distilled 
water faucet, recently announced by 
Barnstead Still & Sterilizer Co., is designed 
for mounting on laboratory benches to 
maintain purity of distilled or demin- 
eralized water to point of use. 

The faucet is constructed of brass, lined 
with pure block tin to prevent metallic 
contamination. It is finished in polished 
nickel to blend with other laboratory 
accessories. Manufacturer states that 
the goose-neck faucet is ideally suited for 
distilled water distribution systems. 

Further information may be obtained 
by writing to Barnstead Still & Sterilizer 
Co., 168 Lanesville Terrace, Boston 31, 
Massachusetts. 


p A new integrated proportional counting 
system called the Lwugic 802 has been 
announced by Nuclear-Chicago Corp., of 
Des Plaines, Illinois. The Logic 802 
incorporates four chassis in a single unit to 
provide linear amplification, . scaling, 
timing, and high voltage for G-M counting 
or for proportional and scintillation 
counting with integral pulse-height analy- 
sis. A cooling base with forced air flow 
and a separate preamplifier are ° also 
supplied. 

The Model 802 has provision for 
connecting a digital recorder, a linear 
ratemeter, a logarithmic ratemeter, and a 
graphic recorder. The individual com- 
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Universally Accepted... Universally Used 


High Quality « Versatile + Sensitive 


WELCH TRIPLE-BEAM BALANCE 
All Exposed Parts of Stainless Steel 
SENSITIVITY 
0.01 g. or less 


CAPACITY 111 g. 


(With extra weight 201 g.) 
e Fast Weighing 
e Accuracy-tested 


e Corrosion- 
Resistant 


e Economical 


e Wide-Range 


e Convenient 
NO. 4030 


e Low Cost 4030. TRIPLE-BEAM BALANCE, High Form. _ Each $27.50 
4031. AUXILIARY WEIGHT. Each $1.50 
4030C. PLASTIC COVER for No. 4030. Each $1.60 


THE WELCH SCIENTIFIC COMPANY 


———ESTABLISHED 18 
1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


instant, positive, 


Gas Detector 
with BROTHERS 


test proven 
Detection Kit 


= Sensitive well below the mac range 
= Consistant results 

= Easy to use 

™ Wide choice of tubes 


Don't take chances with 
poisonous and deadly 
vapors and gases. This 
easy-to-use, precision 
instrument will tell you 
when dangerous 
environment exists 
... down to a few 

PPM. Send for * MAXIMUM ALLOWABLE CON- $ 85.00 


CENTRATIONS for exposure during 


li 4 an eight hour day adopted at the COMPLETE with pump, 

complete terature 22nd annual meeting of the Amer- remote someler and . 
ican Conference of Governmental one hundred tubes in 
Industrial Hygienists. sturdy leather case. 


ORANGE, NEW JERSEY 
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NOW YOU CAN SEE SIMULATED 
OF GASES 


Cenco has developed a new device designed to dem- 
onstrate the most fundamental principles of gas mechanics. 
Quantitative results as well as visualization are obtained. 
The Cenco Kinetic Theory Apparatus is an excellent in- 
structional device used for studies and experiments in con- 
nection with Boyle’s Law, Van der Waals’ Corrections and 
Avogadro’s Law. 

As in a real gas, the test gas in the Kinetic Theory 
Apparatus is composed of molecules; however, these “‘mol- 
ecules” are plastic balls of 14” diameter. The concentration 
of “‘molecules’”’ may be varied by the quantity used. Move- 
ment is obtained by a motor-driven impeller disk. The 
Cenco Kinetic Theory Apparatus is adapted from a model 
developed by Prof. Harry M. Meiners of Rensselaer Poly- 
technic Institute. 

This is another example of new ideas from Cenco 
for teaching fundamentals in physics. 


New Cenco Kinetic Theory 
Apparatus gives dramatic 
visual demonstration of mo- 
lecular action of gases. For 
details, write for Booklet 312. 


No. 77722 $295.00 


CENTRAL SCIENTIFIC 


A Division of Cenco Instruments Corporation 
1718-E Irving Park Road « Chicago 13, Illinois 


Mountainside, N. J. Montreal Santa Clara 
Somerville, Mass. Toronto Los Angeles 
Birmingham, Ala. Ottawa Vancouver Houston 
Cenco $.A., Breda, The Netherlands Tulsa 
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ponents of the 802 system may also be 
purchased separately. 

Detailed information and specifications 
are available on request. 


p Two new portable models have been 
added to the line of laboratory safety 
shields manufactured by Instruments for 
Research and Industry, 108 Franklin Ave., 
Cheltenham, Pennsylvania, under the 
trademark Lab - Guard. The manu- 
facturer states that the portable shields 
are both of a compact weighted-base type, 
but differ in size and shape. 

These new Lab-Guard shields employ 
quarter-inch-thick transparent Plexiglas 
acrylic plastic in the viewing portion of 
the guard and are said to combine de- 
pendable protection with greatly improved 
convenience of use on the laboratory 
bench. The curved shape provides shield- 
ing at the sides as well as directly in front 
of the guard. 

The new Lab-Guard models were 
developed to meet the need for a device 
which will provide dependable protection, 
permit full visibility of apparatus, be easy 
to reach around, and yet be easily moved 
from place to place in the laboratory. 


p A new infrared bath, accurate to 
+0.005°C by means of a thermistor sensor 
and transistorized relay control circuit is ~ 
available from Labline, Inc., 3070-82 W. 
Grand Ave., Chicago, Illinois. 

The ‘“Hi-Accuracy” Bath, as it is 
called, has a temperature range from 5 to 
60°C and provides 98% free work area in 
the bath—using 12-in. diameter Pyrex 
jars, either 12 or 18 in. high. The bath 
may be used either as a source of tempered 
fluid or as a medium in which to work 
directly. The new design eliminates the 
need for immersion heaters, internal 
stirrers, vibrating pens or magnets. 

For full information, write for Bulletin 
No. 6. 


p Cenco’s No. 79549 Low Voltage Power 
Supply, a compact and convenient new low 
voltage power supply unit for operating 
small motors, electromagnets, electro- 
plating and electroanalysis experiments, 
charging batteries and lighting lamp 
filaments is now available. The circuit is 
built around a transformer, a dry disc 
rectifier and a combination wirewound 
rheostat and switch, offering quiet, shock- 
resistant performance. The unit also 
features extra large; universal output 
terminals which accept all common 
electrical connectors. 

For additional information about the 
Cenco No. 79549 Low Voltage Power 
Supply write to Central Scientific Co., a 
division of Cenco Instruments Corp., 1700 
Irving Park Rd., Chicago 13, Illinois. 


p A new microfilm reader, the Dagmar 
Super, for the first time makes possible 
the table top reading and wall projection 
of all types of microfilm on one unit. The 
types of micro-records which can be read 
on the Dagmar Super include 35 milli- 


(Continued on page A410) 


y mounted 


ph with a wide range of flexibility. 


AEROGRAPH 4 


tion reduces signal by half each step 1 to 500. 


Accuracy 1%. 
@ COLUMN INSTALLATION—Easy and rapid with 


Swagelok fittings. Length to 50 feet. 
@ MANUAL OVEN CONTROL—Rapid heating and cooling 


for ultra sensitivity. 


rate. 
@ AEROGRAPH FLAME DETECTOR KIT—Easil 


@ SENSITIVITY CONTROL—Nine step precision attenua- 


-purpose gas chromatogra 


pecially desirable for the crowded bench. 
AEROGRAPH RESEARCH NOTES FOR SPECIAL DETAILS ON GAS 


, with adjustable 


ANEW STANDARD IS SET FOR 
GAS CHROMATOGRAPHY INSTRUMENTS 


Sample collection is very effective. The stainless steel collector tube is controlled by the detector 


cell temperature preventing sample condensation during passage from the cell to the appropriate 


collection device. 
The detector cell is stainless steel, four-filament with the reference side at atmospheric pressure. It 


Of special interest is the separately heated ovens for the column and detector cell. With this arrange- 
ment the column oven may be manually temperature programmed with greatest ease. Isothermal opera- 
is located conveniently for cleaning or replacing filaments. A built-in.D.C., solid state power supply elim- 


Your order by phone or letter will receive prompt attention. 


WRITE FOR YOUR FREE SUBSCRIPTION TO 


The Aerograph A-90-P is recommended as an all 
CHROMATOGRAPHY APPLICATIONS. 


DC 12 volt, and very stable. No batteries are needed. 
Its small size makes it es 


mass, separately heated to 400°C. 
@ POWER SUPPLY—Built-in, completely solid state, 


air circulation and cooling. 


@ INJECTOR—Stainless steel 


temperature to 400°C. 


inates need for any battery. The efficient Aerograph Flame Detector Kit adapts perfectly to the A-90-P. 
@ DETECTOR OVEN—Cast aluminum with large thermal 


tion is also excellent. Temperatures of the column oven, detector cell, and injector are indicated on the 


the well-tested Model A-90-C. It embodies features which make it an outstanding tool for modern day 
accurate, compensated pyrometer. 


The Aerograph A-90-P, a manual temperature programmed gas chromatograph, is a new version of 
Research and Control work. 


@ COLUMN OVEN—Variable 350°C with fan for 
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meter roll-film, 16 millimeter roll-film, 3 
xX 5 in. microsheet (known in Europe as 
microfiche), jacket mounts, and aperture 
cards including Remington Rand’s Micro- 
seal and Minnesota Mining & Manu- 
facturing’s Filmsort systems. 

The Dagmar Super is easily portable 
being only 9 in. x 9 in. x 10 in. closed and 
weighing only 16 pounds. (Most mode's 
are $139.50) Dagmar Super is manu- 
factured in Holland and distributed in 
America by Audio-Visual Research of 523 
So. Plymouth Court, Chicago 5, Illinois, 
and Box 71, Waseca, Minnesota. De- 
scriptive material is available on request. 


p Anew Recording Titrator, the Model D, 
for all potentiometric and pH titrations 
has been developed by E. H. Sargent & 
Co. This is an all purpose automatic 
and potentiometric recording titrator with 
dual, motor driven titrating assemblies, 
multiple direct reading pH and millivolt 
ranges and an automatic rate sensing and 
adjusting system to prevent curve distor- 


tion in slow reaction systems. 


The Model D can be used for all types 
of potentiometric titration, with either 
glass or metal electrode systems, in which 
end points are determined either from a 
recorded curve or by automatic interrup- 
tions of titrations at a predetermined pH 


or voltage value. 


For complete information on_ this 
Recording Titrator, please write to Dept. 
RT, E. H. Sargent & Co., 4647 W. Foster 


Ave., Chicago 30, Illinois. 


Hercules 


Powder chose 


Vulcatheneé 


drainlines 
for their new 
Wilmington 
Research 
Center 


How do you drain 25,000 sq. ft. 
of chemical lab space? 


Architect: W. Ellis Preston 
Contractor: Ernest DiSabatino & Sons, Inc. 
General Plumbing Contractor: William D. Shellady, Inc. 


This much lab space produces tor- 
rents of corrosive wastes—and 
Hercules Powder Company in- 
stalled Vulcathene pipe*, cup sinks, 
traps and fittings to handle the job. 


Why? Because Vulcathene pro- 
vides acid-proof, shatter-proof pro- 
tection in a completely integrated, 
maintenance-free drainage system 
of virgin polyethylene. It’s scale- 
proof, clog-proof, lightweight, non- 
corrosive—perfect for the job. 


Best of all, Hercules was able to 
install Vulcathene at about a quar- 
ter of the cost of other materials. 


Think it over. It’ll probably pay 
you well to think about Vulcathene 
for your drainage needs. There’s a 
new catalog to tell you all about 
this completely integrated system 
—in sizes from 4%” to 6”. Also a 
list of hundreds of users. Just write 
Dept. 346. 


P.O BOX 365 ROCHESTER 2, NEW YORK 
‘DIVISION OF THE NALGE CO. INC 
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p A new decade scaler, especially designed 
for low activity counting and for training 
use, is announced by ATOMasters-Bun- 
taine Corp., 111 W. Jewel Ave., St. Louis 
22, Missouri. Designated Model 100, the 
scaler features five decades, printed cir- 
cuit, 2500 v supply with time delay to pro- 
tect the detector, and built-in elapsed 
timer. Controls are push button for 
greatest convenience. Vacuum tubes are 
used throughout. The chassis is pro- 
vided with simple check points and 
complete service information. 


New Literature 


@ A new and enlarged radiochemical 
catalogue said to contain the industry’s 
most complete and comprehensive selec- 
tion of carbon-14 and tritium labeled 
compounds for research purposes is now 
available from ‘New England Nuclear 
Corp., 575 Albany St., Boston 18, Massa- 
chusetts. Listing of labeled compounds 
containing short-lived isotopes, such as 
Iodine 131, Phosphorus 32, and Sulfur 35, 
and compounds labeled with stable iso- 
topes such as Deuterium are included. 


@ Buck Engineering Co., Inc., Freehold, 
New Jersey, offers a new catalogue Lab- 
Volt, Power Stations, for Educational Lab- 
oratories and Shops. 


@ A new, 12-page brochure technical 
Bulletin No. 1 describing the properties 
and characteristics of Ameripol Poly-. 
ethylene—a new ethylene plastic polymer 
that combines durability with process- 
ability—has been published by Goodrich- 
Gulf Chemicals, Inc., 1717 E. Ninth St., 
Cleveland, 14, Ohio. 


@ A new 12-page, three-color bulletin No, 
1960 entitled Blue M Power-O-Matic 
60 Mechanical Convection Ovens with Blue 
M Saturable Power Reactor Control is 
available from Blue M Electric Co., 138th 
and Chatham St., Blue Island, Illinois. 


@ Olin-Mathieson Chemical Corp., 460 
Park Ave., New York 22, N. Y., offers 
Toward Discovery, Olin Research a most 
interesting new brochure. The variety of 
research expenditures in chemicals, energy, 
metals, packaging, pharmaceuticals and 
sporting arms, and ammunition are dis- 
cussed. 


@ Hygrodynamics, Inc., is a new corpora- 
tion created to expand and maintain the 
activities formerly performed by the Hy- 
grometer Division of the American Instru- 
ment Co., Inc., Catalogue 661, Precision 
Measurement and Control of Relative 
Humidity is now available from their office 
at 949 Selim Rd., Silver Spring, Maryland. 


@ The Costly Time Lag, Publication No. 
813 containing facts about the unnecessary 
loss of life, health, and money that results 
from failure to use new research findings 
was recently released by the Public Health 
Service, Washington 25, D. C. Single 
copies are available on request. 


@ A comprehensive 40 page reference 
handbook on the properties and uses of 
aluminum sulfate has just been published 


(Continued on page A412) 
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Torsion’s new line of weight-loading dial balances retains all the proved 
advantages of the unique Torsion principle which eliminates knife edges 
and guarantees long-lasting accuracy. 

Since Torsion introduced the “fine weighing” dial over a year ago, users 
have reported substantial savings in weighing time. Now Torsion has 
added a “weight-loading” dial which enables the user to “dial in” 
additional weights as described in the specifications for each new balance. 


Both dials can be used without arresting the balance. 

By using two dials, one for weight loading and one for fine weighing, 
Torsion has cut weighing time even more. 

With Torsion’s new two-dial feature, the time-consuming handling 

of small, loose weights has been eliminated. In addition to faster weighing, 
Torsion’s new dial balances with weight loaders minimize the possibility 
of weights becoming inaccurate from rough handling. 

Ask your laboratory supply salesman for a demonstration 

or write for complete specifications. 


Zhe Torsion Balance Company 


Main Office and Factory: Clifton, New Jerse 
Sales Offices: Chicago, Ill., San Mateo, Calif. 


A TORSION MODEL DWL-3 


Capacity: 200 grams _ 
Weight-loading Dial: up to 9 
grams by 1 gram increments 

Fine Weighing Dial: 1 gram by 
.02 gram graduations 
(Readability: .005 g) 


TORSION DWL-5 

Capacity: 500 grams 
Weight-loading Dial: up to 90 
grams by 10 gram increments 

Fine Weighing Dial: 10 grams by 
.1 gram graduations 

(Readability: .02 g) 


TORSION DWL-2 

Capacity: 120 grams 
Weight-loading Dial: up to 9 
grams by 1 gram increments 

Fine Weighing Dial: 1 gram by 
.01 gram graduations 
(Readability: .002 g) 


TORSION DWL2-1 
Specifications are same as the DWL-2 
except that this model has scoop 

for seeds or other bulky material. 
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Premium Quality at Competitive Price sre: crerieat co, 350 


Ave., New York 17, N. Y. 


Made in U.S.A. ee @ Requests for Catalogue 109, a compre- 


hensive compilation of 38,000 items alpha- 


R j G T e A W betically arranged with a permanent cata- 
logue number and up-to-date illustrations _ 


are now being honored by E. H. Sargent 


Substitution Weighing Balance 4687 W. Foster Chicago 


30, Illinois. 


@ Metal Hydrides Inc., Technical Bulletin 
509, just published, describes the treat- 
ment of glycols and polyglycols with so- 
dium borohydride to remove trace car- 
bonyl impurities. Treating techniques 
are summarized and the economics of the 


FAST ; AO) ; reduction are discussed in detail. Write 
Pod Metal Hydrides, Inc., 12-24 Congress St., 
Beverly, Massachusetts. 


ACCURATE @ Platinum Metals Review, Volume 5, 


Number 2, April, 1961, may be obtained 


EASY Td USE | Gy | , me from J. Bishop and Co., Platinum Works, 


Malvern, Pennsylvania. 


@ X-Ray Protection Up to Three Million 
V2] Volts, National Bureau of Standards 
| 4 Handbook 76 (supersedes H60) prepared 
CONTROLS ie by Subcommittee 3 of the National Com- 
All controls on front of case, clearly ; mittee on Radiation Protection and Meas- 
designated. Independent pan brake : urement. Issued February, 1961, 52 
stabilizes the pan before beam is y 4 pages, 25 cents. (Order from Superinten- 
released. Simple mechanical zero dent of Documents, U. 8. Government 
adjustment, large range, no distor- Printing Office, Washington 25, D. C). 
tion. Easy-working doors with com- | 
fortable finger-grips. * @ The following are available from the 
‘ OTS, U. 8S. Department of Commerce, 
Washington 25, D. C.: 
SB-447 Fuel Cells and Related Research. 
This bibliography lists 80 reports of the 
READOUT A, Ae Army, Navy, Air Force, Atomic Energy 
Eye-level, in-line, unobstructed ; aie ee Commission, and other Government agen- 
readout. Wide-spaced lines on pro- : ; — cies, as well as foreign technical literature, 
jected scale. Projection scale in re- “ ‘pe : pertaining to fuel cells and related re- 
cessed shadow box. Light filter in . mie 3 search. Material listed includes such sub- 
optical path cuts out glare. Srnctet > jects as batteries, electrical power sources, 
e electrochemistry, advanced propulsion sys- 
tems, and state-of-the-art fuel cell studies 
—10 cents. 
TID-6374 Radioisotope Experiments for 
the Chemistry Curriculum. Nuclear-Chi- 


ACCURATE... substitution weighing eliminates arm-length cago Corp. for the U. 8. Atomic Energy 


errors, gives constant sensitivity and accurate values. 


EASY TO USE... anyone can weigh quickly and accurately AEC-tr-3976 The Chain Mechanism of 


with the Right-A-Weigh ...frees skilled people for other work. Halogenated Paraffine, 
pages. $1.25. 


Capacity: 200 g. Sensitivity: 1/10 mg. Readability: 1/20 divisi jected scal AEC-tr-4051 Journal of Inorganic 
using vernier. +0.03 Volume 2, No. 1: 1957, 365 
Special Models: SCX, explosion proof; SCD, diamond balance calibrated in carats; POO P-513 Nitric Acid Species in Tri-N- 


SC 300, 200; gr. cap. Butyl Phosphate Solutions, September, 


Sym b ol of Qual ty and Transport 


Properties of Gaseous Carbon Dioxide, 


Bs Bapenl & Progress Sin ce 1880. August, 1959, 157 pages, $2.75. 


@ A very informative little booklet entitled 
Guide to the Correct Selection of a Timer or 


raph i ilable free from Jul 
WM AMING WIRTH & SONS, IWC. Racine fe Co,, 20 W. 47th St., New York, 
2151 LAWRENCE ST. TELEPHONE Alpine 5-1723 - DENVER 5, COLORADO N.Y. This booklet is-designed to assist 
- (Continued on page A414) 


FAST...weighing procedure is simply to load pan, dicl weights, 
read results. 
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Repeats Preset 
Volume 

e Assembles instanily 

@ Setting locks in place 

e Available to fit standard 


syringes in '/4-1-2-5-10 cc, 
and 10-50 or 100 microliters 


EASY TO HANDLE 


Fine-thread adjusting screw 
permits accurate setting to 
any volume... comes apart 
or reassembles with a slight 
twist without changing the 


Ask your laboratory supply 
dealer, or write directly to: 


Seientifie 
Industries, Ine. 


Dept. JCE-6, 15 Park Street 
Springfield 3, Massachusetts 


VORTEX JR. 
MIXER 


Convenient 
Efficient Mixing 


Just hold the tube or other 
vessel in your hand... press 
it against the revolving neo- 
prene cup. A vortex forms 
at once for immediate mix- 
ing action! 


No -.»No Rods 
No Finger Capping 


s "Saves time and energy. For use whenever 
+a quick mix is called for . ..’ works. well 
with any shape vessel. 
 @ Test tubes . . . micro to 40 mm. 
Centrifuge tubes .. all sizes 
Florence or Erlenmeyer flasks... 
small size 
Square or specially-shaped tubes 
Ask your laboratory supply __ 
di od Vor weite 
SCIENTIFIC INDUSTRIES, INC. 
‘ Dept. JCE-6, 15 Park Street 
Springfield 3, Massachusetts 


See our exhibit — National 
Chemical Exposition — Chicago, Sept. 5-8 
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in the selection of the proper time piece for 
any specific need. A ‘glossary of terms” 
common to the watch industry is also 
provided to help evaluate certain features 
in relation to individual needs.” 


@ A new catalogue, listing an expanded 
line of MC&B laboratory chemicals has 
just been published by the Matheson 
Coleman & Bell Division of The Matheson 
Co., Inc. 

The catalogue contains over 5000 
laboratory listings, including organics, in- 
organic reagents and elements, and a 
comprehensive line of stains and _ indi- 
cators. 

Several hundred new items are listed, 
including a new line of Chromatoquality 
chemicals for gas-liquid chromatography. 
The catalogue is being offered by MC&B 
distributors, or may be obtained by mail 
from Matheson Coleman & Bell, P.O. 
Box 85C. East Rutherford, New Jersey. 


New Chemicals 


© Standard solutions for use in titration 
procedures are prepared directly from the 
38 volumetric concentrates in the newly 
available Chemtam line. These include 
all commonly used materials as well as 
EDTA as a sodium salt. 

Concentrates are made available in 
special polyethylene ampoules which per- 
mit contamination-free and non-spill dilu- 
tion directly in the neck of the volumetric 
flask. Guaranteed accuracy is to four 
decimal places (a 1/10 N solution will 
range between 0.000 and 1.001, or +0.1 
per cent). No further standardization of 
the solutions is necessary. 

The Chemtam ampoules are manu- 
factured by P. H. Tamm Co. of Altuna, 
Sweden. Bio-Rad Laboratories, 32nd and 
Griffin Ave., Richmond, California, is 
their U. S. representative. 


Applied Science Laboratories, State 
College, Pennsylvania, has added ethyl 
oleate, ethyl sterate, ethyl palmitate, and 
ethyl caproate to.its line of high purity 
(99 + %) fatty acid derivatives. Other 
ethyl esters can be synthesized on order. 
Because of the high purity, these materials 
should be useful as gas chromatography 
standards. 


© Pilot Chemicals, Inc., 36 Pleasant St., 
Watertown 72, Massachusetts, announces 
the manufacture of a new peptide-former, 
N-ethy]-5- phenylisoxazolium-3’-sulfonate 
(Woodward’s Reagent K.) This material 
was first synthesized and its application 
for forming peptides was developed by R. 
B. Woodward, R. A. Olofson, and H. 
Mayer at Harvard University. 


© The J. T. Baker Chemical Co., Phillips- 
burg, New Jersey, announces an ‘“‘industry- 
first’? packaging advance with the intro- 
duction of the new Adjusta-Flow 1 lb con- 
tainer for “Baker Analyzed’’ Reagent Hy- 
drofluoric Acid. 


(Continued on page A416) 
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COMPACT 


ECONOMICAL 


High Temperatere 2 3 
RESEARCH 
FURNACE 


*PATENTED U. S. A. 


High eee Operation — 

Up to 5100°F for et use, up to 
00°F for continuous operation 

Extremely Compact — 

8” high x 4” diameter working volume con- 

tained within a 20” x 10%” unit. Also avail- 

able, 15” high x 12” diameter working volume 

contained within a 3042” x 22” unit. 

Controlied Atmosphere — Inert gas protects 

charge and furnace element. 

Water-Cooled — Circulation through electrodes, 

coverplates and outer shell. 

Easy Furnace Access — 

Removable top and bottom covers, with hearth 

lift mechanism for bottom loading. 

Unrestricted Viewing — 

Inert = is directed against side and top sight 

ports to scavenge atmosphere. 

Unusually compact and economical labor- 

atory furnaces meet the severe requirements 

of melting and sintering materials in excess 

of 4500°F. Curtiss-Wright Research Furn- 

aces feature a specially designed cylindrical 

graphite resistance element surrounded by a 

graphite radiation barrier, carbon insulation 

and aluminum outer shell; mounted on a 

vertical supporting column for easy access. 

Equipment and instrumentation is available 

for any degree of semi-automatic or auto- 

matic control. 


Systems Engineering Services available 
Phone SWinburne 9-0500 or write: Dept. JCE]$ 


curtiss wRIGHT 


CORPORATION 
Princeton Division + Princeton, N. J. 


Manufacturers Representatives Solicited. Electronics 

and Automatic Systems engineers interested in 

career positions, send detailed resume to P.O. 
Box 110, Princeton; N. J 
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PRECISE CONTROL OF MENISCUS... 


Hamilton Pipets and Pipet Controls 


You combine speed and accuracy when you use Hamilton Pipets and Pipet Controls. 
Here’s how: pipets are connected with a section of Tygon tubing; the liquid 

is raised in the pipet by the dual control —first the liquid is raised with the free sliding 
plunger almost to the pipet calibration line—then, the meniscus is precisely brought 
to the scribe line with Hamilton’s thumbwheel control . . . fast, and yet accurate! 
Everyday problems of analysis and control can be simplified with fingertip control 
pipets. Quality made of fine glass, and steel... easy to use, fast, precise... 

the accepted standard in laboratory research. 


HAMILTON PIPET CONTROLS 


Hamilton Micro and Semi-Micro 
#0010 1 ml capacity $18.50 Pipets: Volumetric Transfer, Self- 
#0020 2 ml capacity 18.50 filling, Self-adjusting, and Graduated; 
#0030 5 ml capacity 18.50 “To Contain” and “To Deliver”; prices 
start at $2.00. 


Order direct, or write today for literature and prices. Also available through your supply house. 


Write today for a —e? 
Hamilton’s complete 

line of precision - | Hamilton Company, Inc. i 
measuring wings P. O. Box 307-S, Whittier, California 

equipment. Price 
list is included. 


' Send me a copy of your equipment brochure. ¢ 


PRECISION MEASURING EQUIPMENT 
FOR CLINICAL AND CHEMICAL RESEARCH 


Volume 38, Number 6, June 1961 / A415 


a 
J 
3 
ma Attach to company letterhead and mail 
f 


Out of, the 


EDITOR’S BASKET 


© Chemical Service Laboratories, P.O. 
Box 281, Largo, Florida, announces the 
introduction of their “‘Standardettes”’ . . . 
chemical standards which permit labora- 
tory technicians to accurately standardize 
titrating solutions to four-figure accuracy 
in a matter of minutes. 


Miscellany 


* Education is expensive but the failure 
to use knowledge already accumulated and 


evaluated is also very expensive. The 
following figures from T'he Costly Time Lag 
published by the U. S. Department of 
Health, Education and Welfare are as- 
tounding:—40,000 cancer deaths which 
could have been prevented occur every 
year—40 million children are growing up 
without the protection from tooth decay 
afforded by fluoridated water—20,000 
persons die each year from preventable 
attacks of rheumatic fever and rheumatic 
heart disease—60,000 new cases of tuber- 
culosis occur every year although ways of 
preventing its spread are well known—17 
million persons have some type of chronic 
disability and a high proportion fail to re- 
ceive care that could reduce handicapping 
effects. 


Haws EMERGENCY Eye-Wash 


This is Haws wall- 
mounted Model 7300, 
in cast aluminum — 
handsomely styled to 
complement lab and 
shop; ideal for new 
construction. 


provides instant first aid 
to prevent serious injury 
due to eye contamination 


... by saving those vital seconds that can mean the difference 
between temporary irritation and permanent injury. Controlled 
streams flood the eyes, washing away searing chemicals and other 
foreign matter. See this model and others, as well as emergency 
drench showers, detailed in the Haws Safety Equipment Catalog. 
Write today to Haws Drinking Faucet Company, 1443 Fourth 


Street, Berkeley 10, California. 


Since 1909. designers and 


manufacturers 


EVE-WASH FOUNTAINS 


of drinking fountains and water 
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*% The National Bureau of Standards has 
prepared trimethylborane in a. more 
highly-puritied form than had previously 


been available. This compound was 
needed in-such pure form for use as a neu- 
tron capturing gas in proportional coun- 
ters and as a subject of thermodynamic 
investigations conducted by the Bureau. 
The gas was liberated from the solid 
ammonia adduct by reaction with specially 
prepared hydrogen chloride. Cryoscopic 
analysis indicated a purity of 99.9 mole 
per cent. 


*% According to “Glycerine Facts’’ even 
ravioli now contains a plasticizer and it is, 
as expected, glycerine. Patent No. 2,950,- 
978 covers the use of from 3-159, glycerine, 
based on the dry weight of flour used pre- 
vents the cracking of individual ravioli 
after drying. 


% A center for the collection and evalua- 
tion of data on atomic transition probabili- 
ties and cross sections has been established 
at the National Bureau of Standards. 
The center will compile atomic data in 
areas where experimental or theoretical 
investigations are being conducted at 
NBS. This compilation has been started 
as part of a research program, sponsored by 
the Office of Naval Research and the Ad- 
vanced Research Projects Agency, which 
seeks to supply the data needed for current 
and future research in plasma physics and 
astrophysics. 

In order that the data center may be as 
effective and up to date as possible, authors 
are urged to send preprints and reprints 
of pertinent publications to The Atomic 
Physies Data Center, Far West Building, 
National Bureau of Standards, Washing- 
ton 25, D.C. 


% The Atomic Energy Commission has 
available for free-loan or purchase a new, 
57 minute color motion picture, ‘“Indus- 
trial Applications of Radioisotopes.’’ The 
16 mm. semitechnical film is a survey of 
the current wide spread uses of radioiso- 
topes in American industry. The film is 
available from the Commission’s ten do- 
mestic film libraries. 


*% The Fifth Annual Symposium cn Ad- 
vances in Tracer Methodology will be held 
at the Shoreham Hotel in Washington, 
D. C., on Friday, October 20, 1961. These 
symposiums are sponsored by New Eng- 
land Nuclear Corp. to provide an annual 
review of and discussions on new develop- 
ments in the use of radioactive isotopes as 
“tracers’’ for research purposes. For fur- 
ther information contact: Paul A. Me- 
Nulty, New England Nuclear Corp., 575 
Albany St., Boston 18, Massachusetts. 


*% “Probability: The Odds Are High 
That It Affects You’’ is the title of an arti- 
cle by Warren Weaver in the April, 1961, 
issue of 7'hink the International Business 
Machines Corp. publication. He says, 
“The mathematics to which our youngsters 
are exposed to in high schools is, with rare 
exception, based on the classical yes-or-no, 
right-or-wrong type of logic. It normally 
doesn’t include one word about probability 
as a mode of reasoning or as a basis for 
comparing several alternative conclu- 
sions.’’ Do we college and university 
chemistry professors do any better? 
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‘8 Read temperature directly...from -100°C to 900°C with 0.25°C accuracy! No calculations required! 


3 as 
fur- 
~< VERY SPECIAL ease and speed — with outstanding performance 
to match! This exceptional thermometer gives direct digital 
i jow means of a special circu 

reading of temperature = Nay cove agin unusually broad range bridge, the pote. te of the balancing variable resistor is made 
igh from minus 100°C to plus 900°C, with 0.25°C accuracy. No to follow a second degree relationship corresponding with the 
ot tedious, time-consuming paperwork. You save minutes. . .. change in resistance of platinum with temperature. This gives 
om save money, too — thanks to this newly perfected design at a direct reading instrument which serves to eliminate the time- 
61, | . 4 lat normally required with high precision 
1ess & new low price. : resistance thermometry. A high sensitivity electronic detector 
Lys, w High accuracy: 0.25°C or 0.2%, whichever is greater. permits rapid and precise balancing of the bridge. 
ters ws Each resistance bulb and bridge individually calibrated. Prise Ust: 
are t Vacuum sealed platinum elements and leads in resistance 
bulb: hermetically sealed head; choice of stainless steel 
ally or quartz jacket. : G 23525D Stainless Stee! Bulb Only ..........0.cesooee 385.00 
a For complete information, write for Bulletin ERT G 23525F Temperature Controller only .............0000.-- 112,50 
The 

20-26 N. MOORE STREET, DEPT. 422, NEW YORK 13, N. Y. 
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COLOR-CODED RECEPTACLES AND SWITCHES 


IN A UNIT FOR SAFETY, OVERLOAD PROTECTION AND CONVENIENCE 


New LaPine Five-in-One Controls with color- 
coded outlets make it easy to turn on or off, or 
unplug laboratory appliances without crawling under 
furniture or through wire entanglements. You can 
use the color coding to locate various power cords so 
that you know just what equipment you are con- 
trolling without trial and error. 


The LaPine Five-in-One Control accepts common 
2-parallel-blade plugs as well as U-type grounding 
plugs. Each receptacle has its own matching color 
15-ampere switch. Overload protection is furnished 
by built-in 15-ampere circuit breaker with convenient 
reset button at the end of the control box. A red 
neon pilot light indicates when power is available at 
the five outlets. 


Entire unit is only 44%2” deep, 1014” long and 2” high. Power cord is No. 14 3-wire 
conductor, 6 feet long. Operates on 115 volt, AC. Maximum total load, 15 amperes, 


Order several LaPine Five-in-One Controls now and be sure of having plenty of 
U-grounded receptacles handy for extra convenience, speed and safety! 


No. CE 1 29-21 LaPine Five-in-One Control, each. . $17.50 


APINE 


LaPINE SCIENTIFIC COMPANY 


6001 SOUTH KNOX AVENUE, CHICAGO 29, ILLINOIS, U.S.A. 


MANUFACTURERS © DISTRIBUTORS 


LABORATORY SUPPLIES * EQUIPMENT * REAGENT AND INDUSTRIAL CHEMICALS 


IN THE EAST: LaPINE SCIENTIFIC COMPANY (NEW YORK) SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK 
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PREPARATION OF METALLIC LITHIUM 


Submitted by: Saul L. Geffner, Forest Hills High School, New York 


Checked by: Julian R. Brandou, Michigan State University 


PREPARATION 

Prepare a melt of (50-75 g) LiCl in an iron crucible. 
Use a '/,-in. graphite rod anode and a heavy iron (!/j6- 
in. piano wire) cathode, the end of which has been bent 
to form a loop 1 cm in diameter. Provide heat source 
and 6 v de. 


DEMONSTRATION 
Carefully heat the crucible until the LiCl melts and 


then reduce the flame. Insert the electrodes so that the 
loop is completely immersed in the molten salt. Elec- 
trolyze for several minutes and carefully withdraw the 
loop filled with metallic lithium. 


REMARKS 

Care should be taken to avoid overheating the melt, 
as this increases the difficulty of removing the filled 
loop. 
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Submitted by: Saul L. Geffner, Forest Hills High School, New York 


Checked by: Julian R. Brandou, Michigan State University 


PREPARATION 


Prepare the complex solution by the addition of 
saturated KI solution to a 0.5 M (approximate) AgNO; 
solution until all AgI just dissolves. Provide a small 
porous cup, a '/;,-in. graphite rod anode, a source of 
controlled emf (0-3 v is sufficient for small objects) 
and a.clean item to be plated. 


DEMONSTRATION 


With the anode in place within the porous cup and 
the object to be plated as the cathode, electrolyze the 


solution for several minutes at a current density of 
approximately 0.1 amp/in.? of surface. Plating is 
clearly visible as it forms in the clear solution and may 
be carefully buffed to a metallic luster. 


REMARKS 

The porous cup serves to prevent contamination of 
the plating solution by free iodine. This cell operates 
nearly as well as the toxic cyanide complex system and 
with much less danger. As in all plating procedures, 
current density and surface conditions greatly affect 
the quality of the plating. 
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The best *250 you'll ever invest 


A New...Fully Guaranteed... Professional 
Quality... GAS CHROMATOGRAPH. 


A speedy, reliable solution to routine gas and volatile liquid analysis problems 
. . - Quickly pays for itself in savings in time and material ... Inexpensively 
makes gas chromatography available to everyone. 


Ideal for quality control of any raw material or finished product with boiling 
point to 105°C. (and many up to 120°C.) . .. Safeguards the quality of the 
product you sell... the products you buy. 


A few applications for The Chronofrac*: 
Combustion products 
Flue gases 
Chemical reaction converters, stream and towers 
such as: 
Ammonia oxidation process — nitric acid 
Acetone, and by-products such as methyl ethyl ketone 
Depropanizers 
Low molecular weight intermediates 
Alcohols thru 
Natural and liquid petroleum gases 


Simply installed and operated ... sets up in 30 minutes or less .. . easily 
operated by non-technical personnel with less than an hours instruction. 


Closely examine the illustrated chromatograms of actual test separations... 
see how effectively the CHRONOFRAC performs routine analysis . . . how 
easily this $250 instrument can take over your present work load... and 
free your expensive equipment for more complex analyses. 


CHRONOFRAC 


Since 1920 
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“Chronofrac” VP-1 liquid separation of 4 major or- 
ganic groups using catalytic combustion detection. 


“Chronofrac” VP-1 separation of 10 gases utilizing 
thermal conductivity detection. 
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+ Sample Size—0.% cc 
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+ Flowrate—T§ cc/min. 
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BUILT-IN FEATURES: 


BASELINE STABILITY 
Low drift assures true 
peak areas 


DUAL DETECTION 
Catalytic combustion and 
thermal conductivity 
WIDE ATTENTUATION 
1—125 four position 
selectivity 
HIGH SENSITIVITY 
f 5 PPM Hydrogen in any 
gas 
The CHRONOFRAC is 
in stock now, at selected 
laboratory supply dealers. 
Write for 4-page illustrated 
bulletin and nearest 
stock location. 


*Chrono (logical) Frac (tionation) 


LOCAL OFFICES IN: 


PRECISION 


SCIENTIFIC CO. HOUSTON + NEW YORK 


PHILADELPHIA + SAN FRANCISCO 


3733 WEST CORTLAND STREET + CHICAGO 47, ILLINOIS 
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CHEMICAL PROJECTS 


Research Ideas for Young Chemists 


Compiled by 


JAY A. YOUNG, Kings College, Wilkes-Barre, Penna. 


JOHN K. TAYLOR, National Bureau of Standards, Washington, D. C. 


Simple Method for the Preparation of Tertiary Amines 
See Butier, G. B., AnD BENJAMIN, B. M., J. Chem. Educ., 28, 191 (1951). 


Tertiary amines can be prepared without the use of a high 
pressure autoclave and anhydrous ammonia, contrary to state- 
ments in some organic chemistry texts which imply that reactions 
between alkyl halides and aqueous ammonia are impractical at 
ordinary pressures. Three tertiary amines have been prepared; 
an explicit procedure for the preparation of triallyl amine from 
allyl bromide and aqueous ammonia is given as a typical example. 
Many other tertiary amines can, no doubt, be prepared by a 
similar method. For investigational purposes, it is recommended 
that the quantities cited by Butler and Benjamin be reduced to 
about !/19 the amounts indicated. 


Questions: 


Prepare one of the tertiary amines described by Butler and 
Benjamin; isolate and identify as many of the side products as 
possible. 


Prepare any other tertiary amine by the procedure indicated, 
adjusting the conditions so as to obtain a maximum yield. 


What derivatives can be formed from the tertiary amine you 
have prepared? 


Can the amount of side products formed be reduced by suitable 
modifications of the procedure described by Butler and Benja- 
min? 


Can tertiary amines be prepared by any other procedure which 
does not require the use of an autoclave? 


Is it necessary that the organic reactant be a halide? Would 
some other compound, such as a cyanide, an alcohol, or perhaps 
a mercaptan, or other hydrocarbon derivative, also be suitable? 
If not suitable, suggest reasons why and test these reasons by 
further laboratory investigations. 


Friedel-Crafts Reaction in Elementary Organic Laboratories 
See Wriaut, O. L., FUHLHAGE, D., AND SHERIDAN, E., J. Chem. Educ., 29, 620-21 (1952). 


Many different Friedel-Crafts reactions can be run in an ordi- 
nary test tube and the product separated by fractional distillation 
from the reactant mixture. Though there is some fire hazard be- 
cause carbon disulfide is used as a solvent, the technique de- 
scribed minimizes this problem sufficiently. Students who per- 
form this work should also be cautioned to avoid breathing ben- 
zene (and other aromatic) vapors since these vapors are poi- 
sonous and their effect is partly cumulative. Wright, ef al., list 
twenty different reactions, of which eighteen were for ketones. 


Questions: 


Carry out one of the reactions described and identify the major 
products, after isolation, by preparing a suitable derivative whose 


Preparation of 2-naphthaldehyde 
See Douxas, H. M., J..Chem. Educ., 31, 12 (1954). 


By bromination of 2-methylnaphthalene with n-bromosuccin- 
imide, followed by condensation of the crude bromide with hexa- 
methylenetetramine, 2-naphthaldehyde can be prepared. This 
procedure is an improvement over other methods reported in the 
literature. The product, as well as other 2-substituted naphtha- 
lene compounds, has plant growth regulating properties and can 
be used for studies of the factors affecting plant growth. 


Questions: 


Prepare 2-naphthaldehyde by one or more of the other pro- 
cedures mentioned in the references to Doukas’ article and com- 
pare the advantages and disadvantages of each such method. 
(If not available locally, copies of the articles describing these 
other procedures can be obtained from libraries holding the ap- 
propriate journals upon application in the usual way or by 


characteristics can be measured and compared with its properties 
as described in the literature. 

Can the major product of any selected reaction be separated by 
a procedure not involving fractional distillation? 

Select three or more homologous hydrocarbons and, using the 
same acylating agent for each, determine the variation necessary 
in the conditions to produce a maximum yield of product in each 
case. 

Select three or more homologous acylating agents and, using 
the same hydrocarbon, determine the variation necessary in the 
conditions to produce a maximum yield of product in each case. 

Select a hydrocarbon and an acylating agent not listed in the 
article and prepare a ketone by the procedure described by 
Wright, et al. Identify and characterize this product. 


writing to an author, requesting a reprint.) Verify the composi- 
tion of the intermediate product, a hexammonium bromide com- 
pound, by analysis for halogen content. Verify the composition 
of the final product by similar means. 

Prepare aldehydes of other polynuclear hydrocarbons such 
as 2-methylanthracene, 2-methylphenanthracene, or 9-methyl- 
anthracene and determine if they are growth regulators. 


From a study of the earlier procedures and a comparison with 
Doukas’ method, devise a different (and improved) procedure for 
the preparation of 2-methylnaphthaldehyde. 

(This investigation is particularly suitable for the student who 
wishes to combine an interest in German with his work in chemistry. 
Also, as indicated, it can be used as a combined chemistry-biolegy 
project.) 
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Detecting Nitrite and Sulfamate lons in Qualitative Analysis 


See Brastep, R. C., J. Chem. Educ., 28, 592-3 (1951). 


Sulfamic acid reacts with nitrite ion to form hydrogen sulfate 
ion, nitrogen, and water. Hence, the evolution of a gas when 
either reagent is added to a solution suspected to contain the 
other probably indicates the presence of the suspected substance. 
Other possible gaseous products (from other components), such 
as hydrogen sulfide, carbon dioxide, etc., can be identified readily; 
in addition, the hydrogen sulfate ion, which is also formed when 
sulfamate or nitrite is present and the corresponding alternate 
reagent added, can be identified by a second confirmatory test. 

Possible interferences due to other ions and methods for elimi- 
nation ef such effects are discussed. 


Questions: 


Can the interfering effects of any of the ions mentioned by 


Brasted be eliminated by procedures other than those described 
in the article? 


Can you find any ions, in addition to those mentioned, which 
will interfere with this test for nitrite or sulfamate ion; can you 
devise a suitable procedure to eliminate this interference? 


There are many pairs of substances, such as silver ion and 
chloride ion; either can be used to test for the presence of the 
other ion. As in the case described here for sulfamate and nitrite 
ion, however, interferences from other substances often complicate 
or preclude the use of these simple tests for the presence of either 
member of the pair. Select any suitable pair of substances and 
devise procedures to eliminate the effects of any other substances 
which would otherwise interfere. 


The Use of Starch-lodate Paper in Qualitative Analysis 


See Lunpin, J. A., J. Chem. Educ., 28, 122 (1951). 


Starch-iodate paper turns blue when exposed to sulfur dioxide. 
It is prepared by moistening a piece of filter paper with a drop of 
each of the following solutions: starch, potassium iodate, and 
dilute nitric acid. This test paper can be used to distinguish be- 
tween carbonate and sulfite; other distinguishing tests are less 
simple. 


Questions: 


Are there any other gases, in addition to sulfur dioxide, which 
will cause the paper to turn blue? If so, how can these inter- 
ferences be effectively eliminated when this test paper is used in 
qualitative analysis? 

Lundin states that as little as 0.3 mg of sulfite ion can be de- 
tected by this method. Does the concentration of the 0.3 mg of 
sulfite ion make any difference? 


What is the sensitivity of this test paper and is this value altered 
by varying the concentration of the solutions, or the amounts, 
used in the preparation of the test paper? Account for any 
such effects, if found. 

Lundin states that starch-iodate test paper can also be used to 
identify several ions, directly, in solution. Can you prepare still 
other test papers which will distinguish between these several 
ions, once the starch-iodate test paper indicates that one or 
more of them is present in solution? 

It should be possible to use a series of specially prepared test 
papers, in combination with a few chemical separations, to com- 
pletely identify the components of a solution containing several 
cations and anions; devise such a series of test papers and work 
out a qualitative analytical scheme involving their use. (If 
you wish to perform a complete study, determine the sensitivity 
of your tests for each cation and anion.) 


Vapor Diffusion Methods in Qualitative and Quantitative Analysis 
See Huaues, H., J. Chem. Educ., 28, 195-197 (1951). 


A small, shallow glass dish, not unlike a Petri dish, is used in 
this procedure. The mid-region of the interior of the dish con- 
sists of a central compartment bounded by a rim, lower than the 
outermost circumferential edge, and concentric with it. An 
indicating reagent is placed in this central compartment, and a 
reagent which will react with the substance to be analyzed and 
yield a volatile product is placed in the surrounding annular 
space. The substance to be analyzed is introduced into the 
annular compartment and the apparatus is covered with a flat 
glass plate. The time required for a change in color, the ap- 
pearance of a precipitate, or other observable phenomenon in the 
central compartment can be used to calculate the quantity or 
concentration of unknown in the annular compartment. Prior 
measurements with a known solution are necessary. 


Several variables must be controlled for precise results. These 
include temperature, method of adding the unknown, the manner 
of mixing the liquids in the annular compartment, the thickness 
of this liquid layer, and the intensity of radiant light falling upon 
the apparatus. The glass apparatus, called a ‘(Conway unit,” 
is not readily available; but a substitute suitable for most pro- 


cedures can be turned from a half-inch thick piece of Plexiglas or 
other polymer. (Dimensions are given in the article.) 


Questions: 


Repeat the procedure described and determine the percentage 
of nitrogen in an impure ammonium salt. 

Modify the procedure as necessary in order to determine the 
percentage of hypochlorite, chloride, sulfite, carbonate, or 
cyanide, in an appropriate sample. 

Many inexpensive automotive antifreeze liquids contain methyl] 
alcohol. Determine the composition of such an antifreeze. 

Some disinfectants contain formaldehyde or phenol. Deter- 
mine the composition of a disinfectant and compare your analysis 
with that indicated on the label. 

Carry out the procedure described for the determination of 
nitrogen, or carry out a similar procedure for the determination of 
hypochlorite, chloride, or sulfite, and determine thé limits of pre- 
cision of your procedure. 

Can the precision of this method be improved so that it is 
comparable to the precision obtainable from the more common 
methods of analysis? 


+++ 


Erratum: Dr. Gerald J. Cox, University of Pittsburgh School of Dentistry, points out 
the spelling error on page A263 of the April Chemical Projects. He passes on the advice he 
gives his students, “Do not knock the ‘I’ out of Hasselbalch.”’ 
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or 


The X in this formula stands for the amount 
of money per student spent on balances. This 
is your true cost. It is lowest on Mettler bal- 
ances because of the savings in the number 
of balances needed and the space occupied by 
them. Furthermore, instructors and students 


use less time. 


This diagram represents the space saving. 


THIS IS THE SPACE SAVED 


The diagram is based on the conservative 
assumption that one Mettler balance does the 


WRITE TODAY work of four equal-arm, undamped student 


FOR COMPLETE balances. 
LITERATURE 


METTLER INSTRUMENT CORPORATION 
P. 0. BOX 100, PRINCETON, NEW JERSEY 
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NEW! 
Welch 


LARGE—SCREEN 
LECTURE-TABLE OSCILLOSCOPE 


Patent 
pending 


For all customary classroom demonstrations 


12-inch screen faces class. Controls and operating characteristics com- 
; : parable to that of average 5-inch oscillo- 
3-inch monitor screen and all controls on scope. 


rear panel for instructor’s convenience. All components chosen with generous rat- 
Controls operate 12-inch and 3-inch tube ngs to insure reliability. 
simultaneously. Net weight: 80 pounds. 


Cat. No. 2140A Each $390.00 
write for descriptive circular 


THE WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 


1515 Sedgwick Street, Dept. D, Chicago 10, Illinois 
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EDITORIALLY SPEAKING 


The mail has been so interesting since 
the April ‘‘Editorially Speaking” appeared that at the 
risk of overworking a theme, we would like to share 
some of our letters with readers of this page. Corre- 
spondents registered a variety of reactions, from praise 
to condemnation, from contrition to righteous indigna- 
tion. We apologize if the language was oversimplified ; 
we intended no blanket indictments. Nor did we mean 
to knock chips off shoulders. We agree emphatically 
with one correspondent who restated the adage, 
“Education is knowing where to find it.” What we 
tried to say was that science teachers should remember 
just this as an important part of the education they 
are giving their students. 

We hope the following quotations do not appear out 
of the context the letter writers intended. 


A New England teacher: 


... This sounded like the plaintive wail of one who has helped 
build a Frankenstein and is now trying to duck the responsibility. 

There is no time in the school day when I can discuss projects 
with my 119 students individually ...I wish I could make the 
project optional, but experience has shown me that this arrange- 
ment produces no projects. Unfortunately I must demand proj- 
ects from all to produce science projects from a few ...I try to 
explain to them in class what a science project is. I spend a lot 
of time supervising, reading, organizing Science Fairs, all without 
financial compensation and with a minimum of peevish com- 
plaints, because I feel sure that a few of my 119 students are 
starting on the right road to being the scientists of tomorrow . . . 


A Pennsylvania teacher: — 


... 1 must say I don’t think you are being quite fair, either to 
teacher or student . . . If a teacher assigns a definite project, tells 
the student how to do it and where to find all the information, 
what earthly good is the project doing the student? Isn’t the 
process of scouting around...part of producing the desired 
effect of teaching them something? ... Most journals and books 
are written totally over their heads, and students learn early in 
life that industrial literature is written in nine-year-old English. 
Their letters to these companies are worded as best they know 
how for their limited knowledge in the field. Aren’t you being a 
little cruel and snobbish? . . . 


A laboratory appliance supplier: 
I think that one comment of your beleaguered correspondent 


should be qualified . .. They’re not stupid; they’re just ignorant. 
These young people and their teachers have no idea where to get 
the information they want, or even what information they are 
looking for... They are not likely to find it in their school 
library or public library . . . The obvious non-stupid way out is to 
ask somebody. They write to any company they have ever 
heard of which may be connected with science .. . and, knowing 
nothing, they ask for everything. 

You have hit straight at one of the solutions when you point 
out that science courses without science materials make no sense 
at all...It is a scared emphasis on science that puts teachers 
with no experience at work with no resources to make scientists 
out of youngsters with no interest. 

... Ignorance and a sense of helplessness start most of these 
letters on their way to us—not stupidity, except well up the 
administrative scale with that superintendent, or teachers’ 
college dean, or the state legislature, that dictates curriculum 
quantity with no regard for quality. 


An equipment manufacturer: 


We are in full agreement with your remarks... Our company 
like others in the chemical industry is most anxious to assist 
budding chemists and engineers in every way possible in supplying 
relevant and specific materials. We would hope that all teachers 
would look first through the excellent publication of the Manu- 
facturing Chemists’ Association (1825 Connecticut Ave., Wash- 
ington 9, D. C.), “Guide to Education Aids Available from the 
Chemical Industry”’ before letting students request information. 


A Missouri teacher: 
Your editorial is very well put. Thanks for reminding us. . . 


I’m sure that I haye been guilty of allowing my students to become 
a burden on many people. 


A Pennsylvania student: 


I would like to sincerely thank you for the information which 
you sent in answer to my request for material on the “History of 
Chemical Symbols.’’ My project won First Prize... 


We refrain from embellishing the points made in 
these lines and between them. Readers may find an 
interesting parallel in the comments by John Ciardi on 
page 8 of the Saturday Review for April 15, 1961. 
Reader, how would you answer “... such hopelessly 
hopeful casts as ‘Please tell me what you think of 
William Butler Yeats. I am doing my term paper on 
him’ ”’? 


Volume 38, Number 6, June 1961 / 277 


Joseph F. Bunnett 
Brown University 
Providence, Rhode Island 


Benzyne, C.H,, is the parent of the family 
of arynes, not one of which has ever been isolated. 
Indeed, even physical detection of the short-lived 


H 
H 


H 
H 
Benzyne (I) 


C.H, species was not reported until after the oral pres- 
entation of this paper in Cleveland. Notwithstanding, 
the chemistry of benzyne and its derivatives is a 
flourishing branch of organic chemistry, laden with 
interest for both the mechanisms and the synthetic 
chemist. 

Arynes are usually generated by the action of a 
very strong base, such as potassium amide in am- 
monia or phenyllithium in ether, on an aryl halide. 
The base pulls out the elements of HX from adjacent 
positions. The aryne so formed has a short life, and 


x Y 
H H 

+ BY 


usually meets its end by adding a strong nucleophile 
(Y) and a proton to form Ar—Y. .The over-all con- 
sequence is substitution, replacement of X by Y; this 
is known as the elimination-addition mechanism of 
aromatic nucleophilic substitution. Arynes may un- 
dergo other types of reaction too, as we shall see. 


The Benzyne Hypothesis 


Aryne intermediates had been proposed, ad hoc, as 
early as 1902 (7), but stood in lonely isolation in the 
literature. Georg Wittig, in 1942 (2), was the first 
to advance the benzyne hypothesis (albeit in primitive 
form) with cogent experimental support. His key 
discovery was that the products from reaction of 
phenyllithium with fluorobenzene depend on the sub- 
sequent treatment of the reaction mixture. When 
water was added, biphenyl was the product; when 
benzophenone, o-biphenylyldiphenylearbinol (III) was 
obtained. Wittig considered the unusual intermediate 
(II) to be permanently polarized in the sense shown. 


Based on a paper presented in the Symposium on New Outlooks 
in the Teaching of Organic Chemistry, Division of Chemical 
Education, at the 137th Meeting of the American Chemical 
Society, Cleveland, Ohio, April, 1960. 

The author’s research in aryne chemistry has received finan- 
cial support from the Office of Ordnance Research, U. S. Army. 
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The Chemistry of Benzyne 


\ 


Ill 


He specifically rejected the symmetrical formula I. 
Very likely he would have recognized the symmetrical 
character of the intermediate were it not for an ex- 
perimental mistake in his laboratory. The reactious 
of 2- and 3-fluoroanisole were described (3) as giving 
2- and 3-methoxybiphenyl, respectively. In fact, as 
Huisgen and Rist (4) later demonstrated, both reac- 
tions give the same product, 3-methoxybiphenyl, at- 
testing to a common intermediate, 3-methoxybenzyne: 


OCH; 
| 


IV 


Another decade passed before John D. Roberts, in 
1953 (5), published experiments which put the benzyne 
hypothesis on the road to general acceptance. In 
1936, Francis W. Bergstrom had shown that the 
monohalobenzenes (except fluorobenzene) react with 
potassium amide in liquid ammonia to form aniline 
(6). Roberts showed that chlorobenzene-1-"C gives 
nearly equal amounts of aniline-1-'C and aniline-2-“C. 
He suggested the mechanism: 


The slight difference from a 50:50 product ratio was 
of the magnitude and direction expected of a %C/'"C 
isotope effect. An alternative interpretation, that 
independent ‘rearranging’ and ‘non-rearranging” 


| ° 
eon H Li 
F F 
: + C,H 
+ LiF 
~ H.O C.sHs— CeHs 
: CX 
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mechanisms were fortuitously matched in rate, was 
minimized by showing (7) that iodobenzene-1-'*C 
gave the same ratio of the two anilines; it is unlikely 
that the change from chlorine to iodine would affect 
rates of two independent reactions equally. 

Roberts’ 1953 communication was quickly followed 
by Rolf Huisgen’s demonstration (4) that the reactions 
of 1- and 2-fluoronaphthalenes with phenyllithium, 
with subsequent carbonation, gave 2-phenyl-1- 
naphthoic acid and 1-phenyl-2-naphthoic acid in the 
same 2:1 ratio. (3-Phenyl-2-naphthoic acid was 
another product from 2 - fluoronaphthalene.) This 
showed the error of Wittig’s presumption that the 
intermediate (II) was permanently polarized in a 
single sense. Huisgen’s mechanism: 


Strictly speaking, as he noted, an unlikely mobile 
equilibrium between V and-V1 would fit the facts as 
well as does the common intermediate, 1,2-naphthalyne 
(VII). Roberts’ demonstration that phenyllithium and 
fluorobenzene-1-'*C formed virtually equal amounts 
of biphenyl-1-“C and -2-"C (8) was a further 
call for redefinition of the Wittig intermediate. 

That halobenzenes lacking orlho hydrogens [e.g., 
2-bromo-3-methylanisole (9)] are unreactive with 
sodium amide in ammonia was an important point in 
Roberts’ original argument for the benzyne mech- 
anism. The implication that ortho hydrogens are 
intimately involved was confirmed by hydrogen isotope 
experiments (7). When reaction of a mixture of 
ordinary bromobenzene and bromobenzene-2-d with 
KNH, was interrupted, the recovered unreacted 
bromobenzene was richer in deuterium than the 
original mixture. This shows that molecules with 
ortho deuterium react slower than ordinary bromoben- 
zene. From the precise deuterium analyses and yields 
of halide ions, the ratio ky/kp was reckoned to be 5.5, 
a magnitude characteristic of C—H bond breaking in the 
rate determining step. 


Fluorobenzene-2-d quickly lost its deuterium when 
it was treated with KNH, in ammonia, but was other- 
wise unchanged (10). Chlorobenzene-2-d showed in- 
termediate behavior (7). The results for the three 
halobenzenes were consistent with the scheme: 


IX 


H 
O 
= 
The intermediate phenyl! anion (IX) may either capture 
a proton to regenerate halobenzene (rate v—,) or lose 
halide ion to form benzyne (rate v2). When X is 
fluorine, proton recapture predominates (v-; >> v:). 
When bromine, halide ion loss is the preferred reaction 
path (v, >> v-,). When X is chlorine, v—; and v, are 
of comparable magnitude. 

Roberts’ carbon-isotope experiments spoke for a 
symmetrical intermediate, but the hydrogen-isotope 
results were necessary for the final exclusion of species 
such as X. Roberts’ papers should be consulted for 


H 


H 
xX 


the detailed arguments (7). la last nail was driven in 
the coffin of the hypothesis of competing rearranging 
and non-rearranging reactions by demonstration (//) 
that iodobenzene-1-'*C-2,4.6-d; gives the same (47:53) 
ratio of aniline-1-'"*C to -2-"C as does iodobenzene- 
1-“C. On that hypothesis the non-rearranging reac- 
tion, direct displacement of iodine by amide ion, 
should have been insensitive to change from protium 
to deuterium in the ortho position while the rearrang- 
ing reaction (whatever its nature) should have been 
fully responsible for the retardation caused by ortho- 
deuteration; the proportion of aniline-1-'‘C should 
therefore have increased sharply. 

A classical model of proof for the existence of a 
discrete intermediate in a substitution reaction is the 
work of Hughes and Ingold which established the 
Syl mechanism of aliphatic substitution (/2). Very 
important was evidence that rate-determination and 
product-determination occurred in separate steps. 
The proportioning of products between two or more 
alternatives was shown to be unaffected by changes in 
conditions which altered overall reaction rate. For 
example, diphenylmethy! chloride and bromide reacted 
at unequal rates in 90% aqueous acetone in the presence 
of sodium azide but gave the same ratio of diphenyl- 
methyl azide to diphenylearbinol (/3). 


rates H:0 of products 
CeH;)2>CHOH 
(CsH;),CHBr 


It is most dramatic when the product-forming 
reagent is unable to generate the intermediate. No 
reaction occurs until an intermediate-generating reagent 
is introduced. In benzyne chemistry, such a case is 
the “reaction” of potassium triphenylmethide with 
chlorobenzene in liquid ammonia. As Bergstrom ob- 
served in 1936, without being able to offer an explana- 
tion, nothing happens until one adds KNHp, of which 
a little bit is sufficient (14). The ensuing smooth reac- 
tion forms (principally) tetraphenylmethane. We now 
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realize that KNH), is the intermediate-generating and 
K*C(C,Hs)3~ the product-forming reagent, according 
to this mechanism: 


H : C(CcH:)s 
Cl 


+N} 3+Cl- 


C(Ce6Hs)3 
H 


Amide ion is regenerated, and thus a tiny amount suffices 
to catalyze the reaction. 

Similarly, the formation of diphenyl sulfide from 
bromobenzene and thiophenoxide ion (/5) and the for- 
mation of biaryls from aryl halides and phenyllithium 
(16) are catalyzed by metal amides. The latter case 
has received detailed kinetic study (17). 

Halonaphthalenes react with metal amides in the 
presence of piperidine to form mixtures of a- and 8- 
naphthylpiperidines (/8). Six monohalonaphthalenes 
(a- and B-, chloro-, bromo-, and iodo-) gave, on reac- 
tion with lithium piperidide and piperidine in ether, 
the same mixture of '/; a- and ?/; B-naphthylpiperidine 
(19). This is strong evidence for a common inter- 
mediate in all six reactions, namely, 1,2-naphthalyne 
(structure VII, below). Specifically, the fact that 
neither the position nor the identity of the halogen 
affects the partitioning of products shows that distinc- 
tions between the halogen-bearing and hydrogen-bear- 
ing positions are lost in the intermediate and that the 
halogen atom is either absent or relegated to such a 
subsidiary position as to have no appreciable effect on 
the intermediate’s reactivity. 

Benzyne, with its very reactive ‘“‘triple bond,” 
promised to be a good dienophile. Wittig (20) showed 
that o-bromofluorobenzene reacts with lithium metal 
in furan solution to form naphthalene-1,4-endoxide 

_ (XI) in 76% yield. The probable course of the reac- 
tion is: 


+ LiF 


Similar reactions occur with other cyclic dienophiles; 
the reaction with anthracene is useful for preparation 
of the unique hydrocarbon, triptycene (21, 22), which 
has the geometry of a three-blade water wheel, all 
three benzene rings being equivalent: 


Mg, Or 
Br 


H. 


H 
(28%) 
triptycene 


The fact that non-cyclic dienes do not give such 
adducts (23) speaks for a one-step mechanism, a true 
Diels-Alder reaction. Unlike most dienophiles, the 
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short-lived benzyne intermediate cannot wait for open- 
chain dienes to assume the requisite cis-like conforma- 
tion which is guaranteed in cyclic dienes. 


Over all the foregoing, there hangs a shadow of un- 
certainty as to whether the aryne intermediates are 
truly free, or whether they may be loosely associated 
with metal cations or halogen anions. The long- 
sought goal of preparing benzyne in the absence of 
metal cations, halide ions or strong bases has recently 
been achieved by Martin Stiles (24). Benzenediazo- 
nium-2-carboxylate (XII), the zwitterionic diazonium 
salt from anthranilic acid, is isolable and stable (al- 
though explosive). 

NH;* Nat 
= 
It decomposes on being heated in furan to form XI 
(55% yield) and in a benzene solution of anthracene 
to form triptycene. 
These reactions imply that XII loses carbon dioxide 


and nitrogen to form the same intermediate, benzyne, 
as derived from organo-metallic compounds. More- 


- over, when XII is photolyzed in a vacuum, biphenylene 


is formed in the gas phase (25). Formation of bi- 
phenylene on decomposition of o-halophenyllithiums in 
solution, probably from simple dimerization of benzyne, 


has often been observed (26). 
gag 


biphenylene 


By the flash photolysis technique, it was noted that bi- 
phenylene formation lagged a few microseconds behind 
the activating flash, and that in the interval another 
species with a different spectrum held the stage. This 
is presumably benzyne, finally detected by direct phys- 
ical measurement! 

It must be acknowledged that, while benzyne can 
exist free in the gas phase, the species in solution may 
nevertheless be loosely complexed with solvent mole- 
cules, halide ions, or metal cations. 


Reactions of Arynes 


Arynes are reactive in cyclo-addition (the Diels- 
Alder reactions and dimerization to biphenylene) and 
more notably in their capacity to add nucleophilic 
reagents. Since arynes are usually generated by basic 
reagents, themselves nucleophiles, the only nucleophiles 
whose additions to arynes have been observed are those 
which can compete successfully with the aryne-gen- 
erating bases. These good competitors are anions 
with negative charge on carbon, nitrogen, or sulfur. 
Oxygen anions, such as CH;0~-, are weak competitors. 


Relative rates of addition to 9,10-phenanthryne 
| 


XIII 
(XIII), measured by Huisgen (27), are given in Table 
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1. Greatest activity is shown by the sulfur anion 
reagent; next comes phenyllithium with negative 
charge on carbon, and then reagents with anionic 
nitrogen. No products from addition of oxygen anions 
were isolable. 


Table 1. Relative Rates of Addition to 9,10-Phenanthryne 
(27) (in boiling diethyl ether) 


Reagent Relative rate 
n-Butyllithium, LiC,H, 6300 
Lithium thiophenoxide, LiSC.H; 1700 
Phenyllithium, LiC.H; 1280 
Lithium piperidide, LiNCsHio 100 
Lithium phenylacetylide, LiCCCsH; 13 
Lithium dicyclohexylamide, LiN(CseHi)2 5 
Lithium phenoxide, LiOCsH; (0-3) 
Lithium ethoxide, LiOC.H; (0-3) 


A notable achievement of the benzyne hypothesis 
was interpretation (29) of some curious reactions 
(30) observed in the 1940’s by Bergstrom and by 
Henry Gilman, of which the following are typical: 


OCH; OCH; 


Br 
+ NaNH, _NH; , 
NH, 


CF; CF; 


Cl 
+ NaNH2 — 


In both, ortho reactants give meta products. The 
methoxy and trifluoromethyl groups, usually con- 
sidered to have opposite electronic character (e.g., 
one is 0,p-directing and the other m-directing in nitra- 
tion), are both meta orienting. Roberts (29) proposed 
that the inductive effect of the substituent controlled 
the sense of addition to a 3-substituted benzyne (XIV). 


R R R whe 
XIV XV XVI 


When the 3-substituent (R) was inductively electron- 
attracting, as both OCH; and CF; are, it would favor 
transition state XV for addition at the more remote 
position because part of the negative charge is localized 
on a carbon adjacent to the substituent. In the alter- 
nate transition state (XVI), both anionic centers are 
more distant from substituent R. Orientation is less 
specific when R is methyl! (both ortho and meta products 
are obtained), which is consistent with this interpreta- 
tion. 


Steric factors also influence the direction of addition 
to arynes. The fact that 3-isopropylbenzyne (XIV, 
R = i-Pr) gives 96% of a meta product with lithium 
piperidide in piperidine, whereas 3-methylbenzyne 
gives ?/; meta and '/; ortho (31), shows that the iso- 
propyl group hinders attack at the position ortho to 
itself. Steric retardation of addition rate is also 
evident in Table 1 in the low reactivity of lithium 
dicyclohexylamide. This reagent has, surrounding the 
same type of nucleophilic center as in lithium piperidide, 
a great deal of bulkiness. 


But withall, steric effects on rates of addition to 
arynes are comparatively small. Thus, reagents as 
different as phenyllithium, tert-butyllithium, sodium 
thiophenoxide, lithium piperidide and lithium diisobu- 
tylamide all add to 1,2-naphthalyne (VII) in the ratio 
1/3 a to 2/3 B (15, 28). Only with lithium diisopropyl- 
amide (13% a, 87% 8) and lithium dicyclohexylamide 
(7% a, 93% 8) is steric interaction with the peri- 
hydrogen of VII, which retards a-addition, in evidence. 

Furthermore, the fact that diverse reagents of the 
carbanion, sulfur anion and amide ion types all add 
about 1/3; a and 2/; 8 (above) indicates orientation in 
addition to be insensitive to the chemical type of the 
nucleophile. 


Boundaries of the Elimination-Addition Mechanism 


Recognition of a new mechanism for aromatic nucleo- 
philic substitution immediately raised questions as to 
its scope. Clearly it could not encompass all aro- 
matic nucleophilic substitutions since many instances 
of displacement of groups flanked by two ortho sub- 
stituents were known (30). Thus: 


Cl OCH; 


Cl NO, C NO, 
NaOCH; + NaCl 


The most fruitful system for definition of the bound- 
ary between the more conventional (30, 32) and the 
aryne mechanisms of substitution has involved reactions 
of 1-substituted naphthalenes with strong bases in 


x 


direct, elimination 
displacement 


XVII VII 


addition 
1:2 


piperidine medium. The consequence of elimination- 
addition is formation of two products, XVII and XVIII 
in ratio 1:2, the major one representing rearrangement. 
The reactions of 1-chloro-, 1-bromo-, and 1-iodonaphtha- 
lenes with sodium amide in piperidine, reported by 
Brotherton and this author in 1956 (18), served to 
establish this ratio. In contrast, direct displacement 
forms a single unrearranged product, XVII. 

Direct displacement was evident in the high tem- 
perature reaction of 1-bromonaphthalene with piperi- 
dine (in the absence of sodium amide) and in the reac- 
tions of 1-naphthyl methyl sulfone, 1-naphthalenesul- 
fonic acid (sodium salt) and 1-naphthyl pheny! ether 
with sodium amide in boiling piperidine, all of which 
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formed XVII but no XVIII (18, 33). It thus became The borderline between the two mechanisms is by 


clear that a strong base (e.g., sodium amide) was neces- no means fully defined. Work to date shows that 
sary to generate 1,2-naphthalyne even from 1-bromo- changes in the reagent, the group displaced, and the 
naphthalene, and that even in the presence of sodium temperature can each affect its location. 
amide the —SO.CH;, —SO;~ and —-OC,H,; substituents 
resisted aryne formation. Applications in Synthesis 

1-Fluoronaphthalene gave, with sodium amide in To the synthetic chemist, the unusual characteristics 


piperidine, the unusual ratio of 60% XVII to 40% of aryne chemistry and the frequent incidence of high 
XVIII. This indicated competition between the two yields offer great opportunities. The very fact that 


mechanisms: 40% direct displacement versus 60% reactions via aryne intermediates do not obey the con- 
elimination-addition. The reaction with 1-fluoro-2- ventional rules means that they can be used to do 


methyl-naphthalene showed that direct displacement things which more familiar methods cannot do. Yet 
of fluorine could occur under the conditions involved exploration of synthetic applications has lagged. This 
(18). is mainly because the field as a whole has been de- 
veloped by mechanisms chemists to whom synthetic 
applications are of secondary interest. 

The rearranging character of many substitutions by 


F 


CH; CH; the elimination-addition mechanism offers a route to 
ET + NaNH, ——> oy ty (84%) positional isomers otherwise difficult of access. A good 
rn example is the 2-amino-4-methoxybipheny] synthesis of 
+ 


Bradsher, Brown and Leake (37): 


| Huisgen’s study of the reaction of 1-fluoro- OH OCH; OCH; 

| naphthalene with lithium piperidide in ether (34) Br 

| showed the proportion of direct displacement to. 

dwindle as the piperidine concentration decreased. _NeNH NHz (600) 
With much piperidine the ratio of XVII to XVIII Z re — 

is 58:42 (as with in piperidine), while in the | 

absence of free piperidine it is 30:70 (indicating ex- 

clusive elimination-addition). Piperidine acts to re- Even when rearrangement is not observable, an 
verse the initial metallation, and thereby to repress elimination-addition reaction may be the synthesis of 


choice. Thus 9-phenanthryldicyclohexylamine is easily 


F prepared (38): 
i Li 
+ LiINC;Hio = + C5HioNH 


Br N(C6Hi1)2 
ether 
| elimination, giving direct displacement a better com- * + LIN(CsHu)2 one? a (76%) 


petitive position. 


The high temperature reaction of aqueous sodium 
hydroxide with aryl halides often gives rearranged 


The most convenient though not always the best way 

products indicative of an aryne mechanism (35). Thus, to perform such aminations is to reflux the aryl halide 

p-iodotoluene and NaOH at 340° give 49% of m-cresol with NaNH, in excess secondary amine (40). Reac- 

and 51% of p-cresol. But the same reactants at 250° tions of aryl halides with aryllithiums catalyzed by 

give only p-cresol. Elimination-addition no longer lithium piperidide are a route to biaryls, of which a 

prevails at the lower temperature. Carbon-14 experi- good deal is known from Huisgen’s researches (16, 39). 

ments indicate a large extent of elimination-addition but which has apparently not received specific attention 
CH, CH, as a synthetic method. 

Carbanions derived from ketones (4/), esters (41) 

OL + and nitriles (15, 42) may also be arylated. Malonic 

OH ester has been phenylated (51% yield) by bromobenzene 


CHs tl OH and NaNH; in ammonia (4/), in contradiction of text- 
+ NaOH 49% 51% book statements of the pre-benzyne era that this 
; conversion is impossible. Phenylation of diethyl 

in H,O 250° CH; 


ketone by the same reagents gave a 62% yield of 2- 
phenyl-3-pentanone, a compound otherwise accessible 


Il 
CH,;CH;— C—CH.CH3; 
>97% + C,H;Br + NaNH, 


in the reaction of chlorobenzene with NaOH under the oO + Or 
conditions of the Dow phenol process (35). This is CH,—CH;-C—CHCH, 

benzyne chemistry on the tonnage scale! This mech- 

anism also accounts for the by-products (e.g., 2-hydroxy- 

biphenyl) formed in that process (36). 


—> 
NH; 
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only by a multistep synthesis. 

A synthetic application pregnant with potentialities 
is ring closure via aryne intermediates. Pioneering 
work has been done by Huisgen and co-workers (43) 
and by Hrutfiord and this author (44). The principle | 
of such ring closures is to create an intermediate which 
has both an aryne “triple bond” and a strong nucleo- 
phile suitably located in a side-chain. The nucleophile 
adds intramolecularly to the aryne structure, and 
finally a proton is acquired. In general symbolism: 


Xx 
OD 


The German workers mainly investigated cases in 
which YH was a secondary amino group, with phenyl- 
lithium or lithium diethylamide (in ether) as the base. 
A representative ring closure was: 


CH, 
LiC,H ai 
LNG, | N (86%) 
N—CH;3 i 
Cl CH, 


The same product was obtained from the ortho isomer, 
though in lower yield. Of the many additional ex- 
amples studied, a particularly interesting one was: 


Z~(CH2):z— NHCHs3 (CH2)i2N—CHs; 
NaNH, CY 
benzene 


HS 150 hrs 
Cl 
By 
(CHz2)12 


54% 6% 


Here, the nucleophile is at the end of a long side-chain 
and can reach across to add to meta and para positions. 

Our work has concerned a more general selection of 
side-chain nucleophiles, with KNH, in ammonia as the 
base. The following ring closures are representative: 


NH 
CL KNH, (J 
Br 


8 (90%) 


N. 
_NH Cx 


2-pheny!benzothiazole 


(69°) 


Ny 
, CX No—c,Hs 
57 


2-phenylbenzoxazole 


Cx C—CH; KNH, CL 
= NH. 
3 


H (86%) 
3-acetyloxindole 

The side-chain nucleophiles in these three examples are 
sulfur, oxygen, and carbon anions, respectively. 

Countless applications of this principle of ring 

closure can be visualized. In exploring some of these, 

we have however encountered limitations. Kato (44) 

found, for example, that phenylacet(o-chloro)anilide 


CH.C.H; Cl 
| 
N 


XIX a XX 
(XIX) could be recovered unchanged from treatment 
with KNH; in ammonia, although its N-methy! deriva- 
tive underwent ring closure to 1-methyl-3-phenyloxin- 
dole in 91% yield. o-Chlorophenylacetamide (XX) 
also resisted aryne formation. The treason for this 
impressive unreactivity of certain aryl chlorides is ap- 
parently that protons are initially removed from the 
atom alpha to the aromatic ring, transforming that 
atom into an anionic center which shares its charge 
(through resonance) with ring carbon atoms. This 
decreases the acidity of ring hydrogens so that they 
are not attacked by amide ion. 

Another difficulty is that the aryne intermediate is 
sometimes attacked by external amide ion, rather than 
by the side-chain nucleophile, forming a simple amina- 
tion product as in this case (44): 


Cl 
> 
- 


NH, XXI 


O (55%) 


In the preferred conformation of the intermediate 
(perhaps X XI), the —CONH~ nucleophile is probably 
too far from the “triple bond’’ to compete effectively 
with amide ion. 

Wittig’s Diels-Alder reactions provide ready access 
to unusual structures. Another cycloaddition of 
synthetic interest is that of benzyne to bicyclohepta- 
diene (46): 


Z Br 
VA 


H (21%) 
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The “Triple Bond” of Benzyne 


Three principal views have been advanced: (a) 
that benzyne has the same kind of triple bond as in an 
acetylene, involving sp hybridization of the two carbon 
atoms concerned; (b) that it has a special kind of 
triple bond between two sp?-hybridized carbon atoms; 
and (c) that it is a diradical. 

In a bookkeeping sense, benzyne is benzene less two 
hydrogen atoms. One electron from each of the C—H 
bonds sacrificed in this “transaction” is left on each 
carbon atom. The problem is: Do these two electrons 
interact to form a bond and, if so, how? 

If their spins are parallel, the two electrons do not 
form a bond; one then has the diradical XXII. 
Benzyne shows no reactions characteristic of radicals, 
and alternative (c) is therefore dismissed. 


Cr (tt) 


XXII 


An objection to alternative (a) is that the linear 
geometry of the acetylenic —C=C— cannot be ac- 
commodated because the rest of the six-membered ring 
would be distorted too much (structure XXIII). 
It is however conceivable that some sort of compromise 
is reached, each part of the ring yielding its usual 
geometrical preference to some extent. This view has 
been advanced in responsible quarters (7, 47). After 
all, if cyclopropene with its double bond in a three- 
membered ring can exist, why should not a species 
with an acetylenic bond in a six-membered ring be 
capable of transitory existence? 


Alternative (b) is best represented in orbital sym- 


_bolism (structure XXIV). The carbon atoms keep 


their sp? hybridization as in benzene, and the electron 
pair of interest is resident in the two sp? orbitals ordi- 
narily used for bonding with hydrogen or substituents. 
These orbitals have their axes in the plane of the ring 


+ - 
XXIV XXV XXVIa XXVIb 


and overlap sideways to some extent, creating a weak 
bond. In valence-bond language, there is resonance 
between the ‘‘triple bond” structure I and the ‘‘double 
bond” structure XXV. The latter is not a diradical, 
because the spins of the two electrons are antiparallel. 
XXV may be thought of as a hybrid between the dipolar 
structures XXVIa and XXVIb. 

The advantage of alternative (b) is that it maintains 
the normal benzene geometry and aromatic resonance. 
The “disadvantage” that sidewise overlap of sp? 
orbitals does not form a strong bond is actually in 
excellent accord with the high chemical reactivity 
of benzyne. 

Alternative (b) has received some experimental 
support (48). Phenyllithium is a more active nucleo- 
phile than lithium piperidide in reaction with arynes 
but the ratio varies, as follows: 
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benzyne (I), 4.4; 1,2-naphthalyne (VII), 5.8; 9,10- 
phenanthryne (XIII), 12.8. The greater selectivity 
of 9,10-phenanthryne implies that it is a more stable 
molecule, more able to wait for the stronger nucleophile 
to come along, less obliged to react with the first one it 
encounters. 


Structure XXIV gives a satisfying account of this 
order of aryne stability. Bond length measurements 
in the parent hydrocarbons tell us that carbon atoms 
9 and 10 of phenanthrene are closer together than 1 
and 2 of naphthalene which in turn are closer than any 
two adjacent carbons of benzene. Closer spacing 
should cause better sidewise overlap of the sp? orbitals 
and therefore a stronger “third’’ bond. 


Whatever the nature of bonding, symbol I is now in 
general use. Worth noting is that it does not imply 
bond fixation in the aromatic system; a more com- 
plete notation would show resonance between I and 
the “cumulene” structure XXVII. 


H 


H 
XXVII 


Phenyl Anion Chemistry 


Arynes are usually generated by expelling halide 
ion from an o-halophenyl anion intermediate (e.g., 
IX) which either exists as such or in association with 
a metallic cation (via ion pairing or partially covalent 
bonding). A by-product of aryne research is some 
information about the chemistry of phenyl] anions. 

From preparative metallation experiments (49), 
rates of hydrogen isotope exchange under catalysis 
by strong bases (/0) and rates of aryne formation 
from substituted bromobenzenes (50), it is known that 
formation of phenyl anion intermediates is remarkably 
fast when certain atoms or groups are ortho to the 
anionic center. Particularly helpful are the halogens, 
especially fluorine, and the methoxy and _trifluoro- 
methyl groups. The beneficial effect is severely re- 
duced when these groups are removed to the meta 
position. For instance, fluorobenzene-3-d exchanges 
with KNHp in liquid ammonia some three powers of 
ten slower than fluorobenzene-2-d. The para isomer 
is slower yet. 

The same influence is evident in the cleavage of 
2,6-dihalobenzaldehydes by alkali; this reaction fails 
unless both ortho positions are occupied by halogen 


CHO H 


Xx x x 
+ HCOO- 


+ on 
atoms (5/). Nitro groups are also effective. A ki- 
netic study (52) indicates the mechanism: 


ArCHO + OH- = ArCH—O- fast 
H 
Ar = 2,6-dichlorophenyl 
ArCH—O~ + OH~ = ArCH—O~ + H,0 fast. 
OH 


H 
i H | 
XXIII 
H | 
| 
| 
i! 
: 
a | 
| 
<-> 
| 


Cl 


ArH + OH” 


+ HCOO~ 


Closely related is the cleavage of o-fluorobenzo- 
phenone by KNH, in ammonia (53): 


QLD + 


F 


H.N—C 


m- and p-fluorobenzophenones are resistant to cleavage 
under identical conditions. 

The stabilization of phenyl anions by ortho halogens, 
OCH; and CF;, which is also responsible for meta- 
orientation in addition to 3-substituted benzynes (see 
above), is often attributed to inductive effects. _What- 
ever the nature of the influence, it seems to be the 
same as governs basicity in substituted pyridines 
(which are isoelectronic with phenyl anions), since a 
good linear free energy correlation has been demon- 
strated (50) between substituent effects on aryne forma- 
tion rates and on the basicities of pyridines (54). 


Conclusion 


Benzyne chemistry is in a sense only eight years 
old. He is a robust lad. A lot of excitement has at- 
tended his growth, and those who have watched his 
antics are confident the excitement is far from over. 
His future prospects are bright; he will become a 
strong and influential member of the family. 

Two recent reviews of aryne chemistry by Huisgen, 
one in German (28), the other in English (39), are es- 
sential reading for the serious student of this subject. 
Quite properly, they give a large share of attention to 
the abundant results from his own laboratory. One 
important topic slighted in the present paper is 
Huisgen’s research on the kinetics of aryne formation. 
Two reviews by Roberts (55) and one by Wittig (26), 
although older, are also valuable. 
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The massive impact of the use of in- 
frared spectroscopy on the research methods of organic 
chemists has done much to condition us to the rapid 
acceptance of new physical methods. This has been 
demonstrated during the last seven years by the de- 
velopment of nuclear magnetic resonance (NMR) 
spectroscopy as a research tool of the organic chemist. 
Three reference texts appearing recently outline this 
development in a manner most useful to the organic 
chemist: the brief introduction by Roberts (/), the 
recent book of Jackman (2) and the more theoretical 
and detailed treatise of Pople, Schneider and Bern- 
stein (3). 

The commercial availability and widespread use of 
instrumentation for NMR spectroscopy has rendered 
an understanding of the technique indispensable to the 
modern organic chemistry student. The steadily 
increasing number of schools and research institutions 
sufficiently interested in the technique to undergo the 
rather substantial financial outlay necessary to set up 
an NMR laboratory bespeaks its tremendous usefulness 
in all fields of chemistry. This usefulness is particu- 
larly noteworthy in organic chemistry, where NMR 
threatens the primacy of infrared spectroscopy as an 

_aid in structure determination. The two spectroscopic 
disciplines complement one another and, combined, 
are much more effective than either separately. 

It is often desirable to introduce a class, such as an 
undergraduate class in qualitative organic analysis, to 
the use of NMR spectroscopy in a manner sufficiently 
qualitative to be covered in two or three lectures, yet 
detailed enough to permit an appreciation of the ap- 
plicability of the technique in structure determination. 
I approach this presentation with the aim of simplifying, 
perhaps at the risk of over-simplifying, the theoretical 
concepts involved so that I can emphasize the practical 
aspects of interpretation essential to the student who 
will be using NMR spectroscopy as an analytical tool 
in his undergraduate or graduate research. As the 
student encounters in his own research spectra which 
are (in the simple view) anomalous, he will be encour- 
aged to dig more deeply into the theoretical bases of 
the method in order to resolve these anomalies. 

Fortunately the interpretation of NMR spectra is, 
in the simpler cases, much more straightforward than 
the interpretation of infrared spectra. It is often pos- 
sible to make a complete analysis of a rather complex 
spectrum on inspection, making assignments for each 
peak. 

One simplifying feature of NMR spectroscopy is that 
the area of the absorption peaks for a given set of pro- 
tons is directly proportional, in a properly obtained 
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spectrum, to the number of these protons. This is a 
tremendous help in the analysis of a spectrum. 

Two factors must be considered in making such an 
analysis: the “chemical shift’’ (usually represented by 
5) (4) and the “spin-spin interactions” (expressed by a 
“coupling constant” J) of the various protons in the 
molecule. It is the purpose of this paper to review 
briefly and qualitatively the physical bases of NMR 
spectroscopy and to discuss the ways in which chemical 
shift and spin-spin interaction phenomena depend on 


molecular structure. 


A proton in a static magnetic field may have two 
orientations with respect to this field. These two 
orientations differ in energy and transitions between 
them may be induced by radiation of this energy (the 
radiofrequency range for experimentally attainable 
fields). The equation 


v= 


defines the relationship between the magnetic field, 
H,, at the proton and the frequency, »v, of the radiation 
required for resonance at this field, in terms of a pro- 
portionality constant, y. 


The Chemical Shift 


If the proton in question is surrounded by a spherical 
electron cloud, as in Figure 1, a field will be induced 
within this electron cloud opposing the applied field H. 
The magnitude of the induced field at the proton will be 
proportional to the magnitude of the applied field H 
with a proportionality constant which we may call 
a shielding constant. The term “shielding constant” 
refers to the fact that the diamagnetic induced field of 
the electron cloud shields the proton so that it does not 
experience the gross magnetic field H, but experiences 
this field reduced by an amount cH attributed to the 
induced field. 


Figure 1. Magnetic shielding of a 
proton in a spherical electron cloud. 


The chemical shift results from the fact that a given 
proton in an organic molecule in solution experiences 
an average magnetic field which is not the same as the 
gross field in which the sample is placed. Protons in 
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organic compounds are not bare protons but are em- 
bedded in clouds of electrons. They are therefore 
subject to the diamagnetic shielding mentioned above, 
the individual proton experiencing a magnetic field less 
than the applied field by an amount which is, as a first 
approximation, proportional to the electron density 
near the proton. As we shall see later, electrons more 
distant from the nucleus may have either a shielding or 
an unshielding effect depending upon the shape of the 
electron cloud and the geometry of the molecule. 

Different protons in the same molecule may be in 
different average local fields as a result of different 
shielding. At a given frequency of irradiation, there- 
fore, different values of the applied field H will be 
necessary to bring each proton in turn into the field 
necessary for resonance; the more shielded the proton, 
the higher the necessary field. 

The conditions for resonance for the various protons 
in a molecule (i.e., an NMR spectrum) could be defined 
in terms of values of the applied field, H, at a constant 
frequency, v, or in terms of the values of » at a constant 
gross field, H. (Experimentally the field strength H 
is the parameter which is varied, at constant v.) In 
practice neither of these alternatives is followed. Since 
the range of resonance conditions for the various types 
of protons in organic compounds is very small, compared 
to the absolute values of either frequency or magnetic 
field strength, such a procedure would require a 9-digit 
number to specify the value of H (or v) for a given type 
of proton and only the last three digits would change as 
the type of proton changed in various organic molecules. 
It is therefore, as a matter of convenience, customary to 
express the conditions for resonance in terms of a dif- 
ference (the chemical shift) in field strengths H at 
constant frequency, v. This difference is between the 
field necessary for resonance for the type of proton in 
question and the resonance fie: for a type of proton in 
some arbitrarily chosen compound. 

The magnitude of the chemical shift depends upon 
the magnitude of local magnetic fields induced by the 
gross field, H. Since the magnitude of the induced 
fields is proportional to the magnitude of H, the shield- 
ing is also proportional to H and the chemical shift can 
conveniently be expressed as a fraction of H. The 
value of the chemical shift expressed as a fraction (di- 
mensionless units) in this way is independent of the 
frequency at which the spectrum is recorded. 

Most logically these shifts could be expressed with 
reference to the field necessary for resonance of the 
“bare” proton, in the absence of shielding electrons. 
In experimental practice more easily accessible stand- 
ards are used, the protons of compounds having sharp 
resonance peaks which can be used as reference points. 
Among the compounds that have been used are cyclo- 
hexane, benzene, toluene, water, chloroform, methylene 
chloride and tetramethyl silane. Extensive tables of 
chemical shifts are available as aids in the interpretation 
of spectra using various of these compounds as reference 
points. 

From the viewpoint of the organic chemist, one of the 
greatest difficulties in the application of published 
chemical shift data to experimental problems has been 
the failure of workers active in the field to agree on a 
single system for expressing chemical shifts. If we 
logically choose to use dimensionless units, expressing 


chemical shift values independent of frequency, we are 
still left with the problem of choosing a suitable arbi- 
trary reference compound, 

The use of a symmetrical, unreactive reference com- 
pound such as tetramethyl silane in the same solution 
as the compound of interest (an internal reference) 
helps to minimize solvent effects on chemical shift. 
Such solvent effects are a result of shielding arising 
from the bulk diamagnetic susceptibility of the solvent. 
Both sample and reference are subject to the same 
shielding from this source, if they are in the same solu- 
tion, and the chemical shift between sample and refer- 
ence peaks is independent of the solvent. Specific 
solvent interactions such as hydrogen bonding can, on 
the other hand, change the relative positions of these 
peaks. Tetramethyl silane enjoys the double ad- 
vantage (as a reference compound) of symmetry, which 
reduces the possibility of such specific interactions with 
solvent, and of such highly shielded protons that its 
resonance peak occurs at such high field that it does not 
obscure any of the other peaks in a spectrum. 

Tiers (5) has proposed a widely-used system for ex- 
pressing chemical shifts based on the use of tetramethyl 
silane as an internal standard. In this system the 
value of the chemical shift (designated 7) is expressed as 
a difference in parts per million from the resonance 
position for tetramethyl silane on a scale which as- 
signs the value 10.00 to the resonance for tetramethyl 
silane. 


T (in ppm) = 10.00 —_ 10° (A essi 


Under this convention most chemical shift values 
fall in the range 0-10 and increasing values of 7 parallel 
increasing values of the applied field, H, and increasing 
shielding. 

If the diamagnetic chemical shift which we have dis- 
cussed depends on electron density around a proton it is 
not surprising to find a general correlation between the 
chemical shift of a proton attached to a given carbon 
and the electronegativity of other groups attached to 
this carbon. Such a general correlation is easily dis- 
cernible from the data presented in Figure 2. 


CH,CH,X -CH, 
6 -CyH, -C8C-H 
-COCH, 
| 
-Br 
2u 
Figure 2. Methylene chemi- Figure 3. Chemical _ shifts 
cal shifts of CH;CHoX. and magnetic anisotropy. 


The lack of generality for such a correlation may be 
seen from Figure 3. Here it can be seen that the chemi- 
cal shift values do not follow in the order of electro- 
negativity of the carbon to which the hydrogen is 
attached (sp > sp? > sp’). Although the hydrogens of 
the methyl group (sp* hybridized carbon) are more 
shielded than the vinyl hydrogen (sp? hybridized car- 
bon) as predicted from electronegativity considerations, 
the acetylenic hydrogen (sp hybridization) has a chemi- 
cal shift intermediate to the other two. A significant 
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difference is observed between olefinic and aromatic 
type protons which cannot easily be predicted on the 
basis of electronegativity considerations. 


The source of difficulty can be seen when it is recog- 
nized that electron clouds not immediately surrounding 
the proton but in neighboring bonds are magnetically 
anisotropic; the magnitude of a magnetic field induced 
in these clouds varies with the orientation of the mole- 
cule with respect to the applied field, H. Thermal 
tumbling of the molecule will not, in general, average 
out the effects of these induced fields on the protons; 
and a net contribution, either shielding or unshielding, 
to the chemical shift may result. 


The anomalously high shielding of the acetylenic 
hydrogen may be understood, for example, when the 
effect of the field induced in the cylindrical z-electron 
cloud of the C—C bond is considered. This should be 
greatest when the C—C axis is parallel to the applied 
field. The induced current in the electron cloud can 
then follow the cylindrical con- 
tours of the cloud, and the 
large induced field opposes the 
applied field in the region of 
space occupied by the proton. 
Molecules with other orienta- 
tions have smaller induced 
fields so that the average effect 
on the protons of a tumbling 
molecule is a shielding one 
(Fig. 4). 

In the case of the protons of aromatic compounds 
such as benzene, on the other hand, the effect of mag- 
netic anisotropy is an unshielding one. The maximum 
induced field in this case is obtained when the plane of 
the ring is perpendicular to the applied field. The 
current induced in the z-electron system may then flow 
around the ring, which acts asa superconductor. It can 
be seen from the representation of the lines of magnetic 
flux in Figure 5 that the effect of this rather large in- 
duced field at the proton is an unshielding one, the in- 
duced field reinforcing the applied field. The low 
value of + for aromatic compounds has been well ac- 
counted for (6) on the basis of these ring currents. 


Figure 4. Magnetic anisot- 
ropy in acetylenes. 


Figure 5. Magnetic anisotropy and ring current. 


Spin-Spin Interactions 


A group of protons showing the same chemical shift 
may show not as a single sharp NMR peak but a multi- 
plet structure of several peaks by virtue of interactions 
with other protons within the molecule. 

For example, two protons on adjacent carbon atoms, 
as illustrated in Figure 6, may have their spins coupled 
in a manner not cancelled by the thermal motions of the 
molecule. This coupling involves the electrons in the 


288 / Journal of Chemical Education 


Het 


Figure 6. Spin-spin coupling of Ha and Hp. 


bonds joining Ha and Hg. One explanation for such 
interactions proposes the transmission of the interaction 
through these bonds by virtue of the fact that the dis- 
tribution of the two electrons in the C—Ha bond is 
altered through the direct interaction between the spin 
of the proton H, (heavy arrow) and the spins of the elec- 
trons (light arrows). One of these electrons will have a 
favorable and one an unfavorable spin-spin interaction 
with Ha. The electron with the favorable interaction 
will tend to remain near Ha leaving the other electron 
statistically nearer the carbon. This means that the 
electron spin at the end of the C—Ha bond nearest 
carbon will not average zero. This provides the bssis 
for a similar but smaller imbalance of electron spin 
in. the C—C bond, which in turn is relayed through the 
C—Hg electrons to Hy. It can be seen that the energy 
required for a magnetic transition of Hy depends on the 
magnetic orientation of Ha with respect to Hs. Since 
Ha can have two possible orientations with spins + 1/2 
and — '/, the spectrum for Hz will consist of a doublet. 
Similarly the spectrum for Ha will consist of a doublet, 
the peak being “split” by spin-spin coupling with Hs. 
Such an interaction falls off rapidly with distance, split- 
tings being observed, in general, for protons separated by 
three or fewer single bonds'. It will be noticed that the 
explanation advanced here for these interactions does 
not involve any reference to the applied field. The 
separation between peaks in a multiplet structure is, 
in contrast to separations attributable to chemical 
shifts, independent of the magnitude of the applied 
field. These separations are expressed in terms of a 
spin-spin coupling constant, J, which has the dimen- 
sions of energy and is most conveniently expressed 
in cycles per second. 

In the simple case the chemical shift is equal to the 
distance between the two multiplet centers. This is 
true only if the chemical shift between Ha and Hp 
(ra — tp)—which may be expressed in frequency units 
at a given irradiation frequency, »—is large compared 
with J (i.e., (ra — 7B) m> >J). 

In Figure 7 we see the effect on the Ha-Hg spectrum 
of varying the magnitude of the chemical shift relative 
to the magnitude of J. As the chemical shift becomes 
relatively smaller the relative intensities of the two 
peaks within a doublet change, the outer peak in each 
doublet becoming less intense. 

At the limit where the chemical shift is zero these 
outer peaks disappear completely and Ha and Hz be- 
have as a unit, showing only one peak with an area 
appropriate to two protons. As this limit is approached 
the separation between the centers of these increasingly 
unsymmetrical doublets becomes larger than the true 


1 Recent reports (14) of the observation of significant spin-spin 
interactions over four or five single bonds represent relatively 
rare cases. The usual practical limit for such interactions is 
three single bonds. 


~ 


ini 


x 
| 
| 
i 
| 
H / \ 
Sis 
| 
| 


6y,=0 


J 


| | J 


J 


Figure 7. The effect of variation of the relative magnitudes of fhe coupling 
constant, J, and the chemical shift, dv. 


chemical shift, approaching J rather than zero as a 
limit. This typical pattern of intensities can be useful 
in interpreting spectra since the high intensity side of 
an unsymmetrical multiplet will always be on the same 
side of the multiplet as the peaks for the group of pro- 
tons responsible for the spin-spin splitting. The 
separations between the peaks within one multiplet 
will be the same as the separations within the other, 
both being equal to J. This fact is also useful in de- 
termining which two multiplets result from groups of 
protons near enough to each other to interact sig- 
nificantly. 

A third and most important factor in the interpreta- 
tion of spin-spin coupling phenomena lies in a con- 
sideration of the multiplicity of the peaks. The 
interpretation of the more complex cases is similar to 
that discussed above. If instead of Ha we have n 
chemically equivalent protons all identically situated 
with respect -to Hz, then n + 1 alignments of these 
protons are possible and the Hx absorption will appear 
as a multiplet of n + 7 peaks. 


CH, CH, 


+3/2 
+1/2 
-1/2 
-3/2 


Figure 8. Multiplet structure for an ethyl group with the chemical shift 
large compared with J. 


As an example we might consider a typical spectrum 
for an ethyl group, X—CH,—CH,, in Figure 8. The 
two protons of the methylene group are identical and, 
as a unit, can assume three orientations with spins 
+1, 0 and —1. The spectrum of the methyl peak 
will, therefore, consist of a triplet. The triplet is 
not symmetrical but has the peak nearest the methylene 
absorption more intense than the peak farthest away. 
The methylene absorption is by similar argument 
expected to be a similarly unsymmetrical quartet. 
The relative areas of the two multiplets are found to 
fall in the expected ratio methylene/methyl = ?/;. 

When the chemical shift is large with respect to J 
we may use a statistical argument to predict the 
relative areas of the members of a multiplet. For 


example, the quartet corresponding to the methylene 
protons in an ethyl group should have peaks with 
areas which fall in the ratio 1:3:3:1 when the chemical 
shift is much larger than J. This can be predicted 
from a simple consideration of the number of ways a 
given total spin of the methyl proton group can be 
obtained (Fig. 9). 

If the chemical shift approaches J in magnitude, 
not only do difficulties arise with respect to the relative 
areas of the peaks within the multiplet, but also extra 
peaks not predicted by this simple treatment will 
appear as other magnetic transitions involving both 
groups of protons become more probable. For example 
a molecule with two identical protons interacting with 
a third would be expected to have a spectrum of five 
peaks, a triplet and a doublet, in the simple case. 
As the chemical shift approaches J in magnitude, how- 
ever, up to nine peaks are observed. It is obvious that 
the simple treatment is applicable only in the cases 
where there are simplifying factors. Fortunately these 
cases are frequently encountered. 
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Figure 9. Statistical prediction of areas of multiplet peaks when the 
chemical shift is much larger than J. 


The size of the coupling constant, J, depends not 
only on the number of bonds joining the two protons 
but on the nature and geometrical disposition of these 
bonds. In the case of protons on adjacent carbon 
atoms, for example, the value of J is found to vary 
with the value of the dihedral angle between the two 
H—C—C planes in a manner predicted from theoretical 
calculations (7). The calculated values of J are 
fit by the following functions of ¢, the dihedral angle 


J = 8.5 cos? ¢ — 0.28 (cps) (from Oto 90°) 
J = 9.5 cos? ¢ — 0.28 (cps) (from 90 to 180°) 


Dihedral Angle J 


| 


This dependence of J on dihedral angle has been 
used in structure work, with particular success in 
studies of stereochemical relationships in cyclic sugars 
(8). 

For the magnetic transitions with which we are 
concerned the transition times are sufficiently long that 
changes such as thermal tumbling, internal rotations 
about C—C bonds, etc., which require less time than 
10--10-? seconds, are seen only as an average. For 
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this reason the three protons of the methyl group, for 
example, are equally coupled to the methylene protons 
in an ethyl group. Although at any instant of time the 
dihedral angles will differ for the three methyl protens, 
rotation about the C—C bond is so rapid that only the 
single average value of J is observed. 

The two protons of a methylene group are coupled 
to one another with a J which has been shown (9) to be 
a function of the H—C—H angle. The theoretically 
calculated dependence on angle, Figure 10, has been 
confirmed by experiment in a number of molecules in 
which the H—C—H angle is known. 


30 
25 
20 
J \ 
(cps 


100° 110° 120° 130° 
H—C—H Angle 


Figure 10. Variation of J with bond angle. 


If the chemical shift is zero between the two protons 
of a methylene group, only a single peak is observed 
(in the absence of other protons near enough to inter- 
act). When the methylene is a part of a ring, however. 
the two protons may not be chemically equivalent 
and, in the absence of other interactions, may give a 
spectrum consisting of two doublets. This can also 
occur in an acyclic case where there is free-rotation of 
the methylene group, if the methylene group is near a 
center of assymmetry in, the molecule. In such a 
case the two protons may be magnetically non-equiva- 
lent and give the typical 4-peak spectrum charac- 
teristic of two dissimilar protons. Figure 11 shows a 
spectrum of this sort (10). The arrow points out the 
four peaks ascribed to the methylene hydrogens of the 
benzyl group which are non-equivalent by virtue of the 
assymmetry around the adjacent carbon. 

The magnitude of J has been most useful in deter- 
mining stereochemical relationships in olefins. Protons 
located cis to one another on a double bond are less 
strongly coupled (usually J = 8-11) than protens with a 
trans relation (J = 17-19, both J’s expressed in eps). 


Figure 11. Magnetic non-equivalence resulting from molecular 
asymmetry. 
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Figure 12. The sesquixanthylium ion. 


Application of Theory to an Example 


To illustrate the factors involved in the interpretation 
of a typical spectrum of a new organic compound, let us 
examine the spectrum of a triarylmethyl carbonium 
ion, Figure 12, recently obtained in these laboratories 
(11), which can be called the sesquixanthylium ion. 

Each ring contains two. equivalent. meta-hydrogens 
(Hm) and one para-hydrogen (H,). The H, protons 
are identically situated with respect to Hp, making the 
H,spectrum atriplet. The H,, spectrum isa doublet by 
virtue of interaction with the single H, proton. In- 
teraction between protons on different rings is ap- 
parently too small to be observed. The coupling con- 
stant, J, is approximately 8.6 cps, a value within the 
range of those previously observed (1/2) for aromatic 
protons situated ortho to one another. The spectrum 
(Fig. 13) was obtained on a solution of the carbinol in 
trifluoroacetic acid. 


1.0 20 3.0 
T UNITS 
Figure 13. The sesquixanthylium 


ion in trifluoroacetic acid solution at 
60 mc. 


It was of further interest to compare the chemical 
shift for these hydrogen atoms with the chemical 
shift for the protons of more conventional triaryl- 
methyl carbonium ions. The unique coplanarity of 
the sesquixanthylium ion allows a maximum resonance 
distribution of positive charge to the ortho and para 
positions of the aromatic rings. Electronegativity 
considerations would therefore lead us to predict a 
lower shielding for these hydrogens than would be 
observed for triarylmethyl carbonium ions in which the 
aryl rings are twisted from the plane of the molecule 
to relieve steric interactions. A suitable model com- 
pound for comparison was available to us (11) in the 
tri(2,6-dimethoxyphenyl)methyl carbinol, which also 
dissolves in trifluoroacetic acid to give a carbonium 
ion. This molecule gives a spectrum for the aromatic 
protons very similar in form to the spectrum of the 
sesquixanthylium ion but at higher field, the para- 
protons absorbing at 2.40 7 (rather than 1.54 r) and the 
meta-protons absorbing at 3.46 7 (rather than 2.22 1, 
as in the sesquixanthylium ion). This is the order of 
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chemical shifts which would be predicted from the 
consideration of positive charge density on the aromatic 
rings since the second ion must have its aromatic rings 
twisted out of the plane of the molecule by interactions 
between methoxyl groups. 

Another factor must be considered, however, which 
turns out to work in the same direction as the charge 
distribution, namely ring current. The protons in the 
sesquixanthylium ion find themselves in the unshielding 
field of more than one ring. On the other hand twisting 
the rings as they must be twisted in this model ion, 
tri(2,6-dimethoxyphenyl)methyl carbonium ion, may 
place some of the aromatic protons within the shielding 
field of neighboring rings. This factor would also 
work to lower the resonance positions for the protons of 
the planar ion relative to those of the model. It is 
impossible to say which of these two factors is of 
greatest importance here without resort to tedious and 
uncertain calculations. 


4 


He 


Figure 14. A Spin-spin coupling constant 
of 1.3 cps is observed between protons at 
positions 2 and 5 


The transmission of spin-spin interactions through 
a-bond systems can cause an observable splitting over 
more than the three bonds considered a_ practical 
limit in saturated systems. In one case, the compound 


shown in Figure 14, a J of approximately 1.3 cps is 
found (13) to couple protons (at positions 2 and 5) 
through at least seven bonds. Coupling through this 
many bonds is usually not large enough to be observed, 
however. 


Conclusion 


If the simplifying conditions mentioned earlier 
(namely chemical shift >> J and all protons in one 
group magnetically identical) are not met, or if large 
molecules with many types of protons are studied, the 
detailed interpretation of NMR spectra may become 
quite difficult. It is surprising, however, how the 
spectrum of almost any compound can impart some 
knowledge of its structure when interpreted on the 
basis of a knowledge of NMR spectroscopy no more 
detailed than that outlined here. The “anomalies” 
observed in spectra obtained from research samples 
provide the most effective possible goad to encourage 
the chemist to examine the theory pertaining to the 
more complicated cases. 
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Taste Tells! 


The immediate application of large quantities of water is the standard and well-known 
treatment when acid is spilled on the skin. Most students who have had such a mishap will 
wash off the acid at once, then come to the instructor with the question, “Have I washed this 
enough?’ A simple answer is, ‘Taste it and see.’’ A taste test usually results in an immediate 
return to the sink for further washing, and the student need not consult the instructor again. 
This test is not only easily made and easily understood by the student, but it also illustrates a 
bit of chemical information that he should already have. Needless to say, the test should be 
made only after a preliminary washing. 

The procedure described here is so simple and so easily carried out that it surely must already 
be in use by a large number of chemists. The frequency of the need for the test, however, makes 
it seem worth calling to the attention of all chemistry teachers. 
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3 the teaching of physical chemistry, 
the concept of “bond energy” is usually introduced 
during the discussion of thermochemistry, as a means of 
estimating heats of reaction (/, 2). In this connection, 
the student may encounter statements such as, “In 
discussions of structure, thermodynamics, and chemical 
kinetics, it is often necessary to have some quantitative 
information about the strength of a certain chemical 
bond” (1); or he may find a table of bond energies 
with the heading, “Heats of Dissociation of Bonds” or 
“AH of Bond Dissociation” (2). Unless clarifying 
comments are added by the instructor, the student will 
have been misled in reading these items, or at best, 
confused. Among other difficulties, he does not realize 
that the bond energy which is of the most usein ther- 
mochemistry is usually different both in character and 
in numerical magnitude from that used in chemical 
kinetics; and he does not know that the heat of dis- 
sociation of a bond ordinarily has a numerical value 
which may be many kilocalories/mole larger or smaller 
than the bond energy used in thermochemical estimates. 
He may also be bothered by discrepancies in numerical 
values of bond energies for the same bond found in 
different texts, if he compares them. It is a rare 
student indeed who can ferret out an uncertainty in the 


_ heat of sublimation of carbon as the principal cause of 


the differences, without at least some word from the 
texts concerning this point. 

Somewhat later the student may find bond energies 
being used in treating bonding and molecular struc- 
ture (3-7), in further discussions of thermochemistry 
(8-10) in estimating the performance of rocket propel- 
lants (11), or in chemical kinetics and free radical 
chemistry (12, 13). In several of these works he will 
find adequate comments on the concept of bond energy; 
if he looks further, he will obtain a clear understanding 
of the subject by reading Cottrell’s book (14) and the 
articles by Szware (15) and by Szware and Evans (1/6). 
Once this has been accomplished, he will wish that he 
had read parts of the book by Cottrell much earlier, 
even at the elementary physical chemistry level. He 
will also wish that there were less ambiguity in the 
terminology used in discussing bond energies. During 
the examination of the references cited, a bewildering 
array of terms will have been encountered: “bond 
energy,” “bond strength,” “the strength of a certain 
chemical bond,” ‘‘the energy necessary to break the 
bond,” ‘‘a definite number of calories for each bond 
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The Uses and Abuses of Bond Energies 


broken (or formed),’’ “heat of dissociation of a bond,” 
‘normal covalent single-bond energy,” “average 
amount of energy required to break a particular bond in 
a molecule and separate the resulting (fragments),” 
“mean bond energy,” “resonance energy,” “the average 
amount (of energy) required to break all the bonds,” 
“bond-dissociation energy,” and “bond energy term,” 
among others. Not only is the variety of terms a 
possible source of confusion, but worse, the same term 
is sometimes used to mean different things by different 
authors. For example, although ‘mean bond energy” 
and “bond-dissociation energy” are never considered 
to be synonymous, ‘“‘bond energy” is used by Semenov 
(in translation) (12) to signify the bond-dissociation 
energy, by most of the others to signify the mean bond 
energy, and by Penner (//) to signify both (but with 
some explanatory remarks). The term “bond strength” 
is synonymous with ‘“(mean) bond energy” according 
to Moore (/), whereas Glasstone (6), Remick (7), and 
Trotman-Dickenson (1/3) make it very clear that they 
consider it synonymous with “bond-dissociation en- 
ergy.” Cottrell (14) considers “bond strength’’ to be a 
general term encompassing several characteristics of 
bonds. 

The plea of the present communication is twofold: 


‘one, that the concepts of bond energy and bond-dis- 


sociation energy be presented to undergraduate physi- 
cal chemistry and organic chemistry students, and in 
enough detail that some real understanding results; 
and two, that the terminology be made unambiguous, 
insofar as this is possible. 

It would be our preference to define “bond energy” 
as the contribution of the bond between a particular 
pair of atoms A—B in a molecule to the total binding 
energy present in the molecule. Its symbol is #(A—B). 
More qualitatively, it might be defined as the strength 
of the bond as it exists in the molecule, following Walsh 
(17). However, this introduces the ambiguous term 
“strength” into the definition, so that except for general 
conceptual purposes, perhaps, the first definition is 
preferable. It permits precise values of bond energies 
(usually at 298°K) to be assigned in diatomic molecules 
and in molecules of the type AB,, when all A—B bonds 
are identical. In diatomic molecules, the bond energy 
is the heat of dissociation of the molecule, and in 
AB, molecules it is (1/n) times the heat of atomiza- 
tion into A + n B, with the atoms in their ground 
states. In polyatomic molecules other than AB,, 


The drawing on the cover is a schematic representation of two 
atomization processes for methane, demonstrating the distinction 
between bond-dissociation energy and bond energy. Top: 
stepwise atomization; bottom, simultaneous atomization. 
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containing a variety of bonds, it is not possible to make 
precise assignments of bond energies. One must 
arbitrarily divide the heat of atomization into reason- 
able contributions from the several bonds. Where a 
series of similar molecules can be examined, as for 
example the paraffin hydrocarbons, E(C—H) and 
E(C—C) may be assigned constant values in such a 
way as to reproduce as well as possible the heats of 
atomization of the entire series. ’s for other bonds 
can then be deduced by obvious extension of the 
method. Certainly for making approximate thermo- 
chemical calculations, this is the best approach. From 
the previous definition of bond energy it is seen that E 
values assigned in this manner are average bond ener- 
gies, and their numerical values will depend upon the 
compounds selected for use in the assignment process. 

More refined thermochemical estimates may some- 
times be achieved by discarding the artificially en- 
forced constancy of the average E’s, and instead in- 
sisting upon a “true” EH; for example, the E(C—H) 
in methane might be chosen as the true value. If 
ethane were then taken as the standard for E(C—C), 
there would result a series of EZ values for C—H bonds 
in other molecules, or one might compute an average 
E for secondary and tertiary C—H bonds; or equally 
well, one could attribute differences to C—C bonds. 
In efforts to resolve the ambiguities inherent in such 
procedures, many attempts have been made to correlate 
bond energies with structural features of molecules, 
such as bond lengths. To the same general end, various 
mathematical definitions of bond energy have been 
put forward. Cottrell reviews these in detail. They 
are interestin® and uelpful, but not for undergraduate 
teaching ana sot for quick thermochemical computa- 
tions. For these purposes one should rely upon average 
bond energies. 

“Bond-dissociation energy” as a physical concept 
has a great advantage over “bond energy” in that it 
can be precisely defined, and because it is susceptible 
to direct experimental determination. It is the dif- 
ference in enthalpy between the parent molecule and 
the two fragments produced when a bond is broken. 
The molecule and the fragments are all taken to be 
ideal gases and to be in their equilibrium configurations. 
The symbol given to the bond-dissociation energy is D, 
and the reference temperature is usually O0°K, but 
often 298°K. 298°K values are generally less than 
1 keal/mole larger than 0°K values. If 0°K is the 
choice, then even for diatomic molecules there will 
ordinarily be a small difference between the bond- 
dissociation energy and the bond energy because 298°K 
is the usual reference temperature for bond energies. 
In polyatomic molecules, the bond-dissociation energies 
will differ even at 298°K from the usual (298°K) bond 
energy values, aside from an occasional coincidence. 

This is illustrated on the cover which shows schemati- 
cally the two conceptions of the atomization process 
in methane at 298°K, leading to different values for 
E(C—H) and the four D(C—H)’s. There is still 
some uncertainty about details of the middle two stages 
of the atomization by steps, but in any event the se- 
quence illustrates the point at hand. We begin, of 
course, with the tetrahedral CH, molecule. In the 
first step a hydrogen dissociation occurs and the CHs 


group becomes planar or nearly so. The hybridization 
shifts from sp* to sp? (for a planar CH;), so that all 
the C—H bonds undergo some change in the process, 
not just the one broken. In the second step another 
hydrogen dissociates and the CH, group becomes linear. 
The hybridization changes from sp? to sp. Again, all 
the C—H bonds have been affected. The third step 
breaks off a hydrogen from the CHp: radical and the 
hybridization changes from sp to a pure p bond. 
Finally, this bond breaks and leaves the carbon atom 
in its ground state. It would be astonishing if the 
enthalpy requirements for these four steps were 
similar, in view of the gross electronic changes that 
occur and the changes in atom-atom repulsions, and 
indeed the requirements are very different. In the 
computation of the E(C—H), on the other hand, the 
process is envisioned as a simultaneous stretching of all 
four C—H bonds to infinite length while maintaining 
the geometry, but letting the carbon atom that results 
revert from its valence state to the ground state. 
Thus the total enthalpy requirements of the two proc- 
esses are equal. One gains simplicity in the second 
process but loses knowledge of detail. 

Despite their intrinsic advantages, bond-dissociation 
energies have not been used nearly as much as bond 
energies for estimating thermochemical quantities 
because (1) they are generally difficult to measure; 
(2) they are sensitive to the intra-molecular environ- 
ment, so that one cannot readily formulate “bond 
additivity” rules for them of the sort implied (by 
definition) in the use of bond energies; (3) when deal- 
ing with reactions involving stable reactant and prod- 
uct molecules—i.e., no free radicals—the use of bond 
energies has been fruitful and of adequate accuracy 
for most purposes; and (4) if all the necessary bond- 
dissociation energy data were available for a reaction, 
there would be no need for making a thermochemical 
estimate, since the required information would already 
be known! 

If one is interested in the thermochemistry or the 
chemical kinetics of reactions involving atoms or free 
radicals, the use of bond energies derived from the ther- 
mochemistry of stable molecules (in other words, typical 
bond energies) will produce serious errors. As an exam- 
ple, suppose the heat of formation of OH to be needed 
for some purpose. The bond energy of OH (equal 
to half the heat of atomization of water vapor) is 
110 keal. If the equation, 1/sHe + 1/50. — OH 
is written, and the heats of atomization at 298°K 
are appropriately added and subtracted, the AH °29s 
of the reaction is found to be +1 keal, which is thus 
the computed leat of formation of OH. Now the 
bond-dissociation energy of OH, although a bit un- 
certain, is probably about 103 keal. If this figure 
is used instead of 110, obviously the resulting 
AH ,° of OH at 298°K will be 8 keal instead of 1 keal. 
A second example is CH. Using an E(C—H) from 
methane (99 kcal) to estimate the heat of formation 
of CH yields a value around 124 kcal, whereas the 
298°K bond-dissociation energy of CH leads to a 
figure more like 142 kcal. 

In chemical kinetics it is often important to make an 


1 Linearity of CH: is assumed for purposes of illustration. 
The precise shape is not yet established, but linearity is probable. 
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estimate of the activation energy of a reaction. Re- 
turning to the case of OH, consider the unimolecular 
decomposition of H,O, into two OH radicals. If no 
activation energy is required for the radical recombina- 
tion reaction, then the activation energy for the de- 
composition equals the O—O bond dissociation energy. 
The erroneous figure of +1 kcal for the heat of forma- 
tion of OH leads to an O—O dissociation energy of 34 
keal, while the more nearly correct figure of +8 kcal 
produces 48 kcal as the result. These two activation 
energies yield predicted decomposition rate constants 
at 1000°K that differ by a factor of about 1000. 

A second example may be cited that shows simul- 
taneously the significance of using the correct energies 
in a thermal calculation and also in a kinetic estimate. 
The reaction, H + C,H: ~ H: + C.H is a hydrogen 
abstraction reaction which, if exothermic, can be ex- 
pected to have an activation energy lying between 
5 and 10 kcal. Normal C—H bond energies plus the 
known heat of dissociation of H, would say that the 
reaction is about 5.5 kcal exothermic; thus the Fac 
should be low, as suggested. However, the best cur- 
rent figure for the bond-dissociation energy of the 
first C—H bond in acetylene is 114 kcal. Hence the 
reaction is in fact about 11 keal endothermic, and the 
activation energy should be of the order of 17 kcal, 
in the forward direction, by virtue of the fact that one 
now computes the activation energy of the back reac- 
tion to be about 6 keal [by the Hirschfelder Rule (18) }. 

It is not the purpose of the present note to criticize 
particularly the use of incorrect heats of atomization 
in the compilation of tables of bond energies by dif- 
ferent authors. Nevertheless, it seems appropriate 
to add a note of caution to the effect that one should 
not mix bond energies in calculations if they are drawn 
from different sources unless one is absolutely sure 
that they are based upon the same heat of sublimation 
of carbon and the same heats of dissociation of Ne 
and F, (and, incidentally, the same reference tempera- 
ture and the same averaging procedures). The 298°K 
values of these now accepted are, respectively, 170.9 
keal, 225.1 keal, and 37 keal. 

To conclude, let us return briefly to the matter of 
nomenclature, and try to sum up our views. The 
noun “strength” is felt to be of qualitative use, but it 
should be avoided in quantitative contexts. “Bond 
energy,” ‘‘mean bond energy,” “average bond energy,” 
and “bond energy term” may all be taken to mean the 
same thing, with the qualification that the basis for 
computation should always be indicated by authors 
and examined by readers. “Bond energy” should 
never be used to mean “bond-dissociation energy’; 
nor should phrases such as “the energy necessary to 
break the bond” or “heat of dissociation of a bond”’ 
ever be used when what is meant is actually the bond 
energy. “Normal covalent single-bond energy” is a 
quantity that generally differs from the bond energy 
of single bonds except in the case of homonuclear, 
single-bonded diatomics. It is of great interest in the 
theory of chemical bonding (4). Finally, “resonance 
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energy” is not synonymous with any of the other terms 
discussed here, but is related to bond energies as an 
empirical quantity. It arises in cases where a molecule 
may not be assigned a unique valence structure, and 
represents the difference between the experimental 
heat of atomization of the molecule and that computed 
using bond energies and an arbitrarily assumed struc- 
ture. The classical example of its use in discussing 
molecular structure (4) is the benzene molecule. It is 
also of importance in making approximate calcula- 
tions of heats of reaction, and for this purpose it is 
particularly useful to have tabulations of empirical 
resonance energies in representative organic molecules, 
to which analogies may be drawn in considering new 
substances whose heats of formation are not known (11). 

The more that information on bond-dissociation 
energies becomes available, the less need there is to 
use bond energies in rough calculations. However, all 
indications point to a lengthy continuation of the 
present state of affairs, viz., a greater rate of synthesis 
or discovery of new chemical species than of the deter- 
mination of new bond-dissociation energies in mole- 
cules and radicals. Thus bond energies will continue 
to be important in pure and applied physical and or- 
ganic chemistry. We hope that the comments herein 
may, directly or indirectly, ease the struggle for under- 
standing on the part of at least some students of these 
topics. 
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The great usefulness of molecular models 
as a teaching aid and guide to research workers has 
prompted the design of many types of models.' One 
of the most popular types was originated by Stuart’; 
these models depict both the covalent and the Van der 
Waals radii. Although excellent Stuart model sets are 
available commercially* such sets usually contain only 
a fraction of the kinds of atoms necessary to depict 
many interesting inorganic systems. The synthetic 
ingenuity of modern organic and inorganic chemists 
continually widens this gap. To meet the need for a 
wider variety of atoms at reasonable cost (of the order 
of a few cents per atom) we have developed a procedure 
for the inexpensive duplication, in plastic, of original 
atomic prototypes. Prototypes of new atoms may be 
made from wood and duplicated in plastic (Fig. 1). 

The general design of a Stuart-type model involves a 
sphere proportional to the Van der Waals radius of the 
atom. Faces are cut on the sphere, at proper 
angles, corresponding to the covalent radii.2* Inspec- 
tion of the data on interatomic distances shows that 
covalent radii of constituent atoms are not always 
strictly additive.t Van der Waals radii are also 
variable. Thus, while the Van der Waals radii of most 
atoms are very close to their ionic radii, we find in the 
case of hydrogen an ionic radius of about 1.5 A and a 
van der Waals radius of 1.2 A in hydrocarbons.** In 
glycine the apparent radius of hydrogen varies from 
1.06 to 1.34 A. If steric interactions are of interest it 
is clearly necessary to have several sizes of hydrogen 
available. 

From the standpoint of convenience and versatility, 
pegs are the best devices for connecting atomic models. 
The use of pegs permits some variation in bond length 
when appropriate washers are inserted between atoms. 
Short lengths of polyethylene tubing serve well as con- 
necting pegs. When about 0.25 in. o.d. tubing is_used 
and the models are made to the scale 1 cm = 1 A the 
models are compatible with Catalin models.** It is 
thus possible to supplement standard Catalin sets. 


1(a) CAMPBELL, J. A., THIS JOURNAL, 25, 200 (1948); (b) 
Sus.uskey, L. A., THIS JOURNAL, 35, 26 (1958); (c) SATTLER, a 
THIS JOURNAL, 15, 444 (1938). 

2 Stuart, H. A. Z. physik. Chem. (Leipzig) B27, 350 (1934). 

3(a) Catalin Limited, Waltham Abbey, Essex, England; (b) 
Fisher Scientific Co., 109 Fisher Bldg., Pittsburgh 19, Penna.; 
(c) Anglo-American Scientific, 195 Devonshire St., Boston, 

ass.; (d) Arthur F. Smith Co., 311 Alexander St., Rochester, 
N. Y.; (e) Arthur S. LaPine & Co., 6001 South Knox Ave., 
Chicago 29, Ill. 

4 Paulina, L., “Nature of the Chemical Bond,’’ 3rd. ed., Cor- 
nell Univ. Press, 1960, Chap. 7. 


5 Hurp, D. T., “Chemistry of the Hydrides,’ John Wiley & 


Sons, Inc., 1952, pp. 17, 25. 


Inexpensive Stuart-type Molecular Models 


Materials necessary for the construction of these 


models are relatively inexpensive. Liquid rubber 
(latex), which is needed for the molds, is available at 
most hobby shops (a quart, sufficient for roughly 100 
molds, costs about $4). Silicone rubber lacks the 
strength necessary for molds which are to be used re- 
peatedly. Resins (either polyester or epoxy) can be ob- 
tained from boat shops as well as the sources listed 


Figure 1. A collection of molecular models which have been produced by 
the procedure described in the text. From left to right, top row: sulfuric 
acid, stearic acid, carbon dioxide; second row: phosphorus pentafivoride, 
gallium tetrachloride anion, cyclobutane, the halogens; bottom row: pyri- 
dine, cyclooctatetraene, n-perchlorobutane, the H2B(NH;).* cation. 


below. Epoxy resin costs about $15 per gallon, a 
quantity sufficient for approximately 500 atoms; poly- 
ester resin costs about $6 per gallon. Although both 
types of resin are satisfactory for model making we 
found polyester superior in handling properties as well 
as in price. 

Resin may be colored with mineral pigments (avail- 
able at paint stores), or oil-soluble, pH insensitive 
pharmaceutical dyes, etc. This method of coloring is 
superior to painting after casting, both in time consumed 
and in finished appearance. Polyethylene tubing is 
available from scientific supply houses (about 15¢ per 
foot). 


Model Making Procedure 


Before making molds, all holes in selected prototypes 
must be filled with modeling clay to leave flat faces 
which will release easily from the molds. Holes for 
bonds may be drilled in the models after casting. The 
molds are best poured on a sheet of glass. This permits 
examination of the undersurface for undesirable bubbles 
(which may be destroyed by a pinprick while the rubber 


*(a) Defender Textile Corp., 380 Broadway, New York 13, 
N. Y.; (b) Adhesives Dept., Raybestos-Manhattan Inc., Bridge- 
port, Conn. 
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is still fluid) and observation of the color change taking 
place as the latex cures. After curing, the molds release 
easily from the smooth surface of the glass. 

A small amount of liquid latex is brushed onto the 
glass, and the prototypes are placed on this rubber so 
that a thin coat (roughly 0.3 mm) will be beneath each 
prototype. This step is essential in order to obtain 
molds with well-formed faces. After all of the protypes 
have been placed on the sheet, liquid latex is brushed 
onto each to produce a coating roughly 0.5 mm thick. 
An even coating free from bubbles is desirable. For 
convenience in handling and storage it is suggested that 
several molds be connected together to form a sheet 
(Fig. 2). Such a sheet helps keep molds level while they 
are being filled with plastic. The cured molds may be 
identified by writing the relevant chemical symbols 
directly on the rubber with a ball point pen. Ordinarily 
about 24 hours should pass before applying a second 
coat. The number of coats required will depend chiefly 
on the model size. The larger the prototypes, the 
thicker must be the mold in order to insure its rigidity 
when filled with plastic. For example, models of 1 cm 
radius require only two coats, while those of 2 cm 
radius require four. When the rubber is well cured, the 
sheet of molds can be slowly pulled away from the glass. 


Figure 2. The underside of some rubber molds. 


Each prototype is then removed with the help of a 
razor blade, by carefully cutting away the thin rubber 
film that covers its face. Care must be taken to prevent 
this film (which may be tacky because of lack of con- 
tact with the air) from sticking to the interior of the 
mold. When all of the face coverings have been re- 
moved, the prototypes are carefully popped out through 
the relatively small opening. The molds are now ready 
for filling (Fig. 3). 

If epoxy resin is used, such as that available from 
Raybestos-Manhattan, it is desirable to coat the inside 
of the mold with a small amount of Dow-Corning silicon 
stopcock grease. If a polyester resin is used such as 
that available from Defender Textile Co., no release 
agent is necessary. 

The base and catalyst are mixed together in propor- 
tions suggested by the manufacturer, together with any 
desired coloring matter or filler. Epoxy resin is usually 
quite viscous and occludes bubbles on mixing; it is 
therefore desirable, in order to produce attractive 
models, to expose the resin to a vacuum before pouring. 
An ordinary vacuum desiccator attached to a water 
aspirator is convenient for this purpose. A small 
amount of acetone poured onto the surface of the 
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plastic before exposing to vacuum aids in breaking the 
bubbles that form on the surface. A container two or 
three times the volume of the plastic is usually large 
enough to prevent overflow of the foam produced upon 
evacuation. It is frequently necessary to apply and 
release the vacuum several times to remove the bubbles. 
Using polyester resin there is no difficulty with bubble 
formation; the material flows freely and bubbles com- 
ing to the top may be pierced with a pin. 


Figure 3. An empty mold, a filled mold, and a collection of boron atoms 
immediately after removal from a mold. 


The molds are then filled with resin. Epoxy resin 
does not shrink on setting, so filling just to the top is 
sufficient. The molds may be squeezed gently from 
below to dislodge air bubbles forming at the surface of 
the molds. In contrast to epoxy resin, polyester 
shrinks noticeably so that an excess of plastic is needed 
at the top of the mold. Setting may be accelerated by 
placing the molds in a 50°C oven (a 100° oven damages 
the molds); acceleration is particularly desirable with 
epoxy models, which may take several days to set up. 
Polyester models will set in one hour, with the proper 
amount of catalyst. Larger amounts of catalyst shorten 
the setting time, but may produce enough heat to 
damage the molds or crack the models. 

Beakers and other materials which have been used in 
the model-making process may be cleaned with acetone 
before the resin has set. Because of the long time 
interval before the epoxy resin sets up, it is practical to 
catalyze a large batch for storage at low temperature. 
We have been able to use epoxy which had been kept for 
over a month at the dry ice temperature. 

After sufficient models have been cast and removed 
from the molds, the rough faces from the open sides of 
the molds are ground flush with sandpaper (a sanding 
disk in a table saw is convenient). Next, holes are 
drilled in the faces for bonds. Holes of '*/¢, in. diameter, 
about */19 cm deep, are satisfactory. Pieces of poly- 
ethylene tubing, about '/2 in. o.d., 1/3 in. i.d., and 1 em 
in length, are a snug fit in such holes. 

To drill the holes, the models may be clamped on a 
drill press stand or placed in a wooden jig. A simpler 
procedure, if the equipment is available, is to drill the 
models on a lathe. For this process most models can 
be held with a three jaw chuck, which makes centering 
of the holes pariicularly easy. 

The drilled models may be slightly countersunk 
manually with a large ('/: in.) drill to facilitate insertion 
of the bonds. If coloring matter was not added to the 
resin the models may then be painted. 

The interest and material assistance of Dr. R. W. 
Parry and Mr. Oliver D. Steiner are gratefully ac- 
knowledged. 
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The Markovnikov Rule is one of the 
best-known of the empirical rules of organic chemistry. 
It is encountered at an early stage in the teaching of 
organic chemistry; it is comprehensive and easy to 
remember and it is capable of clear theoretical explana- 
tion even at an elementary level. Yet it is often stated 
in a form appreciably different from that in which it 
was enunciated by Markovnikov, and it was the sub- 
ject of an interesting controversy between Markovnikov 
and L. Henry. 

The first statement of the Rule in an accessible jour- 
nal seems to have been in Liebig’s Annalen in 1870 (1) 
under the somewhat uninformative title ‘“Communica- 
tions from the Chemical Laboratories at Kazan” 
[where Markovnikov was at that time a professor (2) J. 
A large section of the communication was devoted to a 
study of the isomeric hydroxybutyric acids; the inter- 
mediate for the synthesis of one of the isomers was 
propylene chlorhydrin, derived from propylene by 
direct addition of hypochlorous acid. After some dis- 
cussion of the apparently contradictory modes of addi- 
tion of hypochlorous acid to propylene and to “‘butyl- 
ene” (by which Markovnikov meant iso butylene from 
the formula given) Markovnikov decided that it was 
not possible to propose a general rule for the addition of 
““(OH)CI” to unsaturated hydrocarbons. He went on 
to say that such a rule could be formulated for the 
addition of hydrogen halides to unsaturated compounds; 
then followed the original statement of the Markov- 
nikov Rule: 

When a hydrocarbon of unsymmetrical structure combines 
with a halogen hydracid the halogen adds itself to the less hydro- 


genated carbon atom, i.e. to the carbon which is more under the 
influence of other carbon (atoms). 


As examples of the Rule relating to hydrocarbons 
Markovnikov quoted the addition of hydriodic acid to 
propylene, to two butylenes, and to an amylene: 


CH CH 


2 3 CH; CH; 

(1) CH +HJ = CHJ (2) C CH; + HJ = JC CH; 

CH; CH; CH: CH; 
CH, CH; (4) CH, CH; 
(3) CH + HJ = CHJ CH + HJ = CHJ 
C.Hs C:Hs CH: CH: 
C.Hs C.Hs 


and of hydrogen chloride to another amylene 


CH: CH; 
CH + HCl = CHCl 
CH CH 
CH; CH; CH; CH; 


Markovnikov then extended the Rule to include un- 
saturated compounds having a halogen atom already 
attached to one of the carbon atoms forming the double 
bond: 


The Markovnikov Rule 


In the addition of hydrochloric, hydrobromic, or hydriodic 
acids to vinyl chloride, chlorinated propylene and other ana- 
logues, the halogen adds to the carbon atom which is already bound 
to a halogen (atom). 


The examples quoted for this extension of the Rule 
are interesting because less obvious (apart from the 
addition of hydrobromic acid to vinyl bromide to give 
ethylidene bromide and not ethylene dibromide: 


CH, CH; 
+ HBr = 
CHBr CHBnm. 


Thus, Pfaundler had reported (3) that the product of 
addition of hydriodic acid to vinyl bromide gave, on 
treatment with silver oxide and acetic acid, aldeiiyde 
(acetaldehyde). Markovnikov interpreted this reac- 
tion as follows: 


CH; CH; CH ) AgBr 
+ 2C.H;O.Ag = O + 
CHBrJ AgJ 


Using more highly unsaturated compounds as examples 
Markovnikov noted that acetylene adds on two mole- 
cules of hydriodic acid (a process used in its purifica- 
tion) to give “‘an isomer of ethylene iodide.” 


CH CH; CH; 
+ 2HJ = + HJ = 
H CHJ 
and allylene 
CH: CH; CH; 
C +2HJ =CJ + HJ = CJ 
H, CH: 3 


Nothing further was added to these first simple state- 
ments of the Markovnikov Rule until 1874, when L. 
Henry, already well-known for his work on allylic 
compounds, published a paper “On the products of 
addition of propylene to hypochlorous acid” (4). 
This paper commenced with a statement of a general 
law bearing a considerable resemblance to Markov- 
nikov’s Rule, but with no mention of Markovnikov in 
this connection. The general law was 


When a molecular system XX’, made up of simple or compound 
radicals, different in nature, quality, and chemical energy ap- 
proaches an unsaturated compound C”"H”, ..., Y containing 
unsaturated carbon atoms unequally hydrogenated, such as 
CH?, CH, and C, the radical X, negative or more negative, 
attaches itself to the least hydrogenated carbon atom, and the 
radical X’, less negative, the ‘positive’ radical either absolutely or 
by comparison, attaches itself to the more hydrogenated carbon 
atom. 


This was a much more general law than that stated by 
Markovnikov, and Henry went on to say that the law 
was confirmed, notably, by the mode of addition of 
hypochlorous acid; that there were numerous examples 
to prove this, but that he would deal only withYthe 
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allylic derivatives. He had previously reported that 
allylic derivatives (C*H*)X combine readily with a 
molecule of (OH)CI to give glycerol chlorhydrins which 
are primary alcohols; hence they must be 

CH?X 

CHCl 

CH?0OH 


Since allyl derivatives are merely primary derivatives of 
propylene, then propylene should add on (OH)CI to 
give 

CH?0H 


CHCl 
CH? 


But Markovnikov in his paper had stated that the 
chlorhydrin of propylene was a secondary alcohol, since 
on oxidation with dichromate and sulfuric acid it gave 
chloro-acetone. This, in Henry’s opinion, constituted 
the sole exception to his law and he wrote 


In spite of all the esteem in which I hold the fine works of M. 
Markovnikov, and the authority of his name, I cannot, after 
reflection, accept his opinion as the truth. I have re-read his 
work attentively; it is irreproachable as regards the facts, and I 
admit the reality of all the experimental details contained in it; 
but I reject the conclusion as to the nature of the addition 
product from propylene and hypochlorous acid. This conclu- 
sion is not justified, in a rigorous or certain manner, by any fact. 


Henry pointed out subsequently that the structure of 
this product of addition could be proved either by re- 
duction or by oxidation. On reduction one possible 
chlorhydrin would give normal propanol, and the other 
iso-propanol; on oxidation one would give chloro- 
acetone (as Markovnikov had already reported) and 
the other chloropropionaldehyde. He also pointed 
out that the properties reported by Markovnikov for 
his ‘chloro-acetone’ were those to be expected for 
chloropropionaldehyde. Finally Henry announced 
that he had oxidized propylene chlorhydrin beyond the 
point reached by M. Markovnikov and that he would 
publish the results in a subsequent communication. 

Before this other evidence was forthcoming, how- 
ever, Markovnikov had replied with three communica- 
tions under the title “On the laws which govern direct 
addition reactions’? which were submitted by Wurtz 
and published in Comptes rendus (5, 6, 7). In the first 
of these Markovnikov’s Rule was presented in its 
final and more general form, obviously much modified 
by Henry’s intervention. Markovnikov commenced 
his paper with a re-statement of the Rule in its original 
form, ‘in which state the question has remained for 
more than five years,” and noted that “among the 
studies concerning these laws were those of M. Henry.’ 
Further “that in studying derivatives of the allyl 
group this chemist has arrived at conclusions, of which 
the resemblance to those that I have advanced seems 
to have escaped his attention.’”” He then discussed 
Henry’s view of direct addition and decided that both 
Henry’s law and his own Rule were too “absolute,”’ and 
required qualification (“It seems to me that the form 
given by M. Henry is too absolute and does not always 
coincide with the views of other chemists”). The 
direction of addition is obviously dependent on the 
conditions of the reaction, of which Markovnikov men- 
tions temperature. Reboul had shown that mono- 
bromopropylene added hydrobromic acid to give either 
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CH*CHBrCH?Br or CH*CBr?CH®* depending on the 
conditions used.* Markovnikov then proposed the 
final form of his Rule: 


When a molecular system YZ approaches an unsaturated mole- 
cule C"H”X at low temperature, the more negative element or 
group Y combines with the less hydrogenated carbon atom, or 
with that which is directly attached to some negative element; 
but at comparatively higher temperatures, it is the element Z 
which combines with the less hydrogenated carbon (atom), that 
is to say that, for the same substances, the reaction takes a direc- 
tion exactly opposite from the first. 


In his next paper, Markovnikov noted that the uni- 
formity of addition is often masked, since ordinarily 
both possible products of addition occur together. 
The proportions of the isomers formed varies according 
to the conditions of reaction, and this led Markovnikov 
to the conclusion that it should be possible to control 
the direction of addition. 

On the structure of propylene chlorhydrin, Markov- 
nikov’s reasoning was less assured. He pointed out 
that Butlerov had reduced the chlorhydrin to ‘pseudo- 
propyl! alcohol,’ but then went on to discuss the forma- 
tion of the dichlorhydrin of glycerol from epi-chlor- 


. hydrin 
CH?°Cl CH?°Cl 
CH CHOH 
O + HCl > 
CH? CH?°Cl 


He concluded that attachment of the hydroxyl group 
to the less hydrogenated carbon atom during this reac- 
tion indicated that the hydroxyl group had a greater 
affinity for such a carbon atom—a non sequitur that 
Henry was quick to point out in a subsequent paper. 
But Markovnikov ended his paper by stating once 
more that there were two contradictory findings for the 
addition of hypochlorous acid to unsaturated hydro- 
carbons and hence no definite rule could be advanced for 
this addition. In his final paper (7) on this subject, 
Markovnikov gave experimental details of his oxidation 
of propylene chlorhydrin and his isolation of mono- 
chloro-acetone, pointing out that chloro-acetaldehyde is 
readily oxidized (in the air) and hence that chloropro- 
pionaldehyde was unlikely to be isolated from an oxida- 
tion mixture. 

This seems to have been Markovnikov’s last word on 
his Rule, or on the oxidation of propylene chlorhydrin, 
but Henry produced two further papers (8, 9) also in 
1876, on the oxidation experiments. Henry began (8) 
by stating that he had attempted to establish the law of 
addition of hypochlorous acid, and at the same time to 
oppose M. Markovnikov’s opinion on the particular 
structure of propylene chlorhydrin (Henry’s law, re- 
produced above, was in fact quite general, and was not 
referred to as a law of addition of hypochlorous acid.) 
Henry also protested that Markovnikov had used a 
different oxidizing agent (dichromate and sulfuric acid) 
and that in experiments using nitric acid as oxidizing 
agent the major product from propylene chlorhydrin 
was chloropropionic acid, identical in ‘properties, 
analysis, and vapour density” with a sample derived 
from lactic acid. Furthermore, since Henry’s oxida- 
tion product was chloropropionic acid, Markovnikov’s 


* An early example of the confusion that was to grow until the 
work of Kharasch in the 1930's. 
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must be chloropropionaldehyde. Henry then enun- 
ciated his law of addition of hypochlorous acid: 


In the addition of hypochlorous acid OH,Cl to an unsaturated 
compound containing the system CH=—CH?, the hydroxyl 
attaches itself to the more hydrogenated carbon, and the chlorine 
to the less hydrogenated carbon. 


He pointed out that there was no evidence to justify 
the extension of this law to the systems —-C=C—, 
C=CH, or CH=CH, but that he proposed to fill in this 
gap in knowledge. He then advanced two reasons 
why the chlorine should be considered as the more 
electronegative part of (OH)CI: 


First, chlorine is more electronegative than oxygen; as for 
hydrogen it constitutes a positive element, following the happy 
expression of M. Dumas, a gaseous metal, therefore the O, associ- 
ated with an atom of hydrogen (OH) must be less negative than 
chlorine. 

Second, the hydroxy HO in the form HO—OH, easily expels 
iodine from alkaline earth iodides, but not the Cl of corresponding 
chlorides, 


Henry added a coda with two main points—first, 
that he had considered only addition of hypochlorous 
acid to hydrocarbons (excluding cases where the unsat- 
urated carbon atom bore a negative substituent); and 
second, that he had ignored the effect of temperature 
since all the experiments made with hypochlorous acid 
were in fact made in the cold. 


Finally, I do not hesitate to recognize that Mr. Markovnikov 
was the first to formulate a general law pertaining to the products 
of addition to unsaturated bodies. If I have not mentioned this, 
it was that I could not go into the history of the question in a 
Note, and that it seemed superfluous to mention facts known to 
all chemists. Having taken the part of my savant contradicteur, 
perhaps he will permit me to claim for myself the law of addition 
of HOCI. 


On this fairly amicable note the direct controversy 
between Henry and Markovnikov would appear to 
have ended. Markovnikov’s experimental results were 
confirmed in 1895, by Michael (10), who isolated 
chloroacetone (as its semicarbazone) from the oxidation 
products of propylene chlorhydrin; Michael also 
showed that Henry’s “chloropropionic acid” was very 
largely chloro-acetic acid. Subsequently Krassousky 
(11) re-examined the addition of hypochlorous acid to 
isobutylene (an addition which was thought by Markov- 
nikov to be anomalous) and showed that in this case 
also the hydroxyl group becomes attached to the less 
hydrogenated carbon atom, giving a secondary alcohol. 
Finally, in 1902, Tiffeneau (72) published further evi- 
dence for ‘Markovnikov addition’ of hypochlorous acid 
to unsaturated hydrocarbons, but was unwise enough 
to begin his article: 


In 1875, Markovnikov had shown, contrary to the assertions of 
Henry, that in the addition of CIOH to propylene, the hydroxy] 
is attached to the less hydrogenated carbon atom giving the 
chlorhydrin CH?7CHOHCH?Cl. 


Within a month a reply from Henry (/3) appeared, 
taking exception to this remark, and re-iterating his 
former arguments. Henry appeared to be in ignorance 
of Michael’s paper, as he still maintained that the oxida- 
tion product was chloropropionic acid, although ad- 
mitting that Markovnikov had isolated chloro-acetone. 
Henry ended by saying that he intended to re-examine 
the problem; the results of his re-examination were 


embodied in two last papers on this addition. In the 
first (14) he reported unambiguous syntheses of the 
two possible propylene chlorhydrins (called a- and 
B-) and an examination of their behaviour with the 
oxidizing agents nitric acid and acid dichromate: 


CH;CHOHCH.Cl CH;CHCICH:OH 
B 


Nitric acid on the ‘a-chlorhydrin’ gave first chloronitroso- 
acetone, and then a mixture of acetic and chloroacetic 
acids. Dichromate mixture with the a-chlorhydrin 
gave a poor yield of mono-chloroacetone. Oxidation of 
the 6-chlorhydrin gave a poor yield of a-chloropropionic 
acid, with no chloroacetaldehyde, but “it is not sur- 
prising that chloropropionaldehyde is not formed in the 
oxidation, as I have shown by direct experience that 
a-chloropropionic acid itself is oxidized to acetic acid 
under these conditions.”” Henry’s final words on the 
subject were contained in a lengthy summary of 
the controversy (15) wherein he concluded that the 
product of addition of hypochlorous acid to propylene 
was a mixture of the two possible chlorhydrins with 


-Markovnikov’s candidate (a above) in the major pro- 


portion. However, he remained convinced that hypo- 
chlorous acid added to isobutene in the opposite sense, 
and he made a number of somewhat slighting remarks 
about “un chimiste americain M. Arthur Michael’ 
who held the opposing viewpoint. 

It is interesting to compare the current interpretation 
of electrophilic addition with Markovnikov’s ideas. 
Thus, in the addition of HX to an ethylenic double 
bond, the proton adds on to give an intermediate 
carbonium ion. It is supposed that the double bond is 
polarized on approach of the proton in a sense which is 
determined by hyperconjugation with alkyl groups at- 
tached directly to the ethylenic carbon atoms; it 
should also be noted that the more stable carbonium 
ion will be that which carries the largest number of 
alkyl groups around the positively charged carbon 
atom; thus 


CH; CH; 
CH,—C=cH, Ht — CH,—C,—CH, 
CH; . 
CH, —CH—CH,+ 


Markovnikov’s original Rule contained a statement that 
the halogen atom in HX will go to that ‘“‘most influenced 
by surrounding carbon atoms” which is in close accord 
with current theory. It is also currently accepted that 
at higher temperatures the homolytic fission of the 
reagent becomes important with a concomitant change 
in mechanism, and hence in position of attachment of 
the halogen atom: 


CH,CH=CH; + Bre CH,;—CH—CH:Br 
CH;CHCH.Br + HBr — CH;CH.CH,Br + Br-, etc. 


The addition of hypochlorous acid is more interesting 
since Henry’s views appear more logical and yet Mar- 
kovnikov’s were correct. The fallacy in Henry’s 
arguments lay in his assumption that hypochlorous 
acid is (HO)CI, and was encouraged by the confusion 
in the literature—for example, by Butlerov’s report 
that the addition of hypochlorous acid to isobutylene 
proceeded thus: 
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CH; CHs 
C CH; + (OH)Cl — CIC CH; 

CH, 2! 
This addition has been studied by de la Mare (16) who 
reported that the product was mainly 1-chloro-2- 
methylpropan-2-ol, confirming the generally accepted 
view that the initial addition is of the hypochlorous 
acidium ion H,OCI* (or Cl* if hydrogen chloride is 
present) to give the carbonium ion shown below; the 
second stage is addition of the nucleophilic solvent 
(water). The only isolated by-products were ethylenic 
arising by elimination of a proton from the carbonium 
ion: 


H,OCI+ 
Me,C=CH2 Me.—C—CH,Cl —— Me,C(OH)CH.Cl 
0.4%) (12% 


(Figures given refer to % of isolated material.) 


It is known (17) that none of the anti-Markovnikov 
addition product (2-chloro-2-methyl propan-l-ol) is 
formed in the reaction. 


In Markovnikov’s Rule, therefore, we have an ex- 


cellent pedagogic example of the way in which an 
empirical generalization can be subsequently correlated 


with a general theory, while at the same time illustrating 
the experimental difficulties which made correct general- 
izations remarkable in the early days of organic chemis- 
try. 
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A number of organic chemistry text- 
books! state that acetone is obtained when dry barium 
or calcium salts of acetic acid are heated. These 
texts usually extrapolate this statement to include the 
pyrolytic decomposition of all calcium or barium car- 
boxylates to carbonyl compounds. 

However, critical examination of the chemical lit- 
erature discloses that such statements are not warranted 
with respect to the salts, although excellent yields of 
ketones can be obtained by the vapor phase decarboxy- 
lation of the carboxylic acids themselves over a variety 


Suggestions of material suitable for this column and guest columns 
suitable for publication directly are eagerly solicited. They 
should be sent with as many details as possible, and particularly 
with references to modern textbooks, to Karol J. Mysels, Depart- 
ment of Chemistry, University of Southern California, Los 
Angeles 7, Calif. 

1 Since the purpose of this column is to prevent the spread and 
continuation of errors and not to evaluate individual texts, the 
source of errors discussed will not be cited. To be presented, the 
error must occur in at least two independent standard books. 
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Texfbook Errors, 31 


The Pyrolytic Decomposition of 
Carboxylate Salts to Ketones 


of catalysts (1). The topic has four aspects: pyrolytic 
decomposition of carboxylate salts to simple ketones, 
of mixed carboxylate salts to mixed ketones, of di- 
carboxylate salts to cyclic ketones, and of mixed car- 
boxylate and formate salts to aldehydes. 

Most of the chemical literature on this topic is very 
old; the earliest statements repeatedly confirm the 
observation that dry distillation of calcium acetate 
does indeed yield acetone; technical manuals in use 
up to 1914 describe the preparation of acetone from 
“grey acetate of lime’’ (the calcium salt of pyroligneous 
acid). 

With the exception of the transformation of calcium 
phenylacetate into dibenzyl ketone in 83% yield (2), 
there is virtually no literature devoted to a scrupulous 
study of composition and yield of reaction products 
obtained from the dry distillation of calcium or barium 
carboxylates. The mere observation that hosts of 
investigators have attempted (with considerable success 
in some instances) to prepare ketones from other than 
barium and calcium carboxylate salts provokes a 
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suspicion of dissatisfaction on the part of many in- 
vestigators with the products obtained by pyrolysis of 
barium and calcium carboxylates. 

Fittig (3) reported that the dry distillation of calcium 
acetate gave a neutral product, with a boiling range of 
60-130°, from which he isolated acetone, methyl] ethyl 
ketone, CsH1oO, and CsHwO; no yields were reported. 

Limpricht (4) stated that calcium n-butyrate gave a 
liquid product with a boiling range of 144-222°. From 
this were isolated eight compounds, aldehydes as well 
as ketones. Two ketones, CsHig0 and CyHO, were 
isolated and analyzed, but not characterized. 

Friedel (5) also studied the products obtained from 
the pyrolysis of calcium n-butyrate; he isolated from 
the reaction mixture n-butyraldehyde, methyl n- 
propyl ketone, ethyl n-propyl ketone, and di-n-propyl 
ketone; however, he did not report the presence of 
or C,oH290 ketones. 

Barbaglia and Gucci (6) distilled 2 kg of dry calcium 
isobutyrate; 580 g of ketone mixture boiling at 55-165° 
was obtained. Diethyl ketone, methyl isopropyl 
ketone, ethyl isopropyl ketone, diisopropyl ketone, 
isobutyraldehyde, and even pinacolone were obtained 
from the reaction mixture! 

Nef (7) attempted to rationalize these results by 
postulating loss and gain of methylene radicals from the 
organic moieties present in the salts. 

Two references (8, 9) are cited for the preparation of 
mixed ketones from the pyrolytic decomposition of 
mixed salts of barium acetate with higher molecular 
weight barium carboxylates; 60% yields were claimed 
by Morgan and Holmes (9). However, no mixed ke- 
tones other than methyl ketones are reported to have 
been prepared by this method. 

Frequently this reaction is also cited as a method for 
the preparation of cyclic ketones from salts of dicar- 
boxylic acids. Yet Kon (1/0) pyrolyzed calcium £,6- 
dimethylglutarate to give a distillate with a boiling 
range of 100-280°! From this distillate were isolated 
30% acetone, 5% mesityl oxide, 33% isophorone, and 
unstated amounts of unsaturated hydrocarbons. 

Zelinsky (11) distilled calcium sebacate to yield a 
“eyclononanone” with the following properties: bp 
95-97° (17-18 mm), d,225 0.8665, semi- 
carbazone mp about 105°, oxidized to an acid of 
mp 99°. Several years later the incomparable work of 


Ruzicka and Brugger (12) cited the unequivocal syn- 
thesis of cyclononanone (in low yields, however, by 
distillation of thorium sebacate) with markedly dif- 
ferent properties: bp 93-95° (12 mm), d,’"0.9587, 
np'"1.4730, semicarbazone mp 178-179°, oxidized to 
azelaic acid of mp 106°. In addition, Ruzicka and 
Brugger reported that other cyclic ketones and methyl 
n-octyl ketone were isolated from their reaction mix- 
ture. 

Several organic chemistry texts and laboratory man- 
uals report the preparation of cyclopentanone in good 
yield by distilling adipic acid from small amounts of 
calcium or barium oxide. But private communica- 
tions, corroborated by laboratory observation by the 
authors, indicate that mere slow distillation of pure 
adipic acid gives excellent yields of cyclopentanone! 
Large chemical manufacturers are plagued by this 
undesired intramolecular decarboxylative cyclization 
of adipic acid. 

The statement that aldehydes are obtained by pyro- 
lytic decomposition of mixed salts of calcium formate 
and higher calcium carboxylates seems to be based upon 
one report over a century old, that of Piria (13). No 
quantitative results were cited by this investigator. 

For the most part none of these references support 
the sweeping generalizations made in many texts of 
organic chemistry concerning the utility of the pyro- 
lytic decompositions of calcium or barium carboxylates 
into simple ketones, mixed ketones, cyclic ketones, or 
aldehydes. 
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IUPAC Reports on Symbolism and Nomenclature 


Chemical Abstracts Service has available an extensive list of the reprints of reports made by 
IUPAC committees. A most important recent addition to the list is the set: 


Manual of Physico-Chemical Symbols and Terminology 


Nomenclature of Inorganic Chemistry 


Definitive Rules for Nomenclature of Organic Chemistry... 
Definitive Rules for the Nomenclature of Amino Acids, Steroids, Vitamins, and Caro- 


tenoids 


These are reprinted from J. Am. Chem. Soc., 82, 5517 (1960). Orders should be sent to Chem- 
ical Abstracts Service, Ohio State University, Columbus 10, Ohio. 
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J. A. Leisten 
Sheffield University 
Sheffield, England 


The second-order hydrolysis of an ester 
by aqueous alkali (/) is a familiar kinetic experiment 
in laboratory courses of physical chemistry. The 
present article discusses a broadening of this exercise 
so as to introduce the problem of relating chemical 
reactivity to structure, and in particular the Hammett 
cp relation. The only important changes in the usual 
procedure are that each student determines the rate 
constant for a different ester, and the combined results 
are then considered by the class. This adds a little 
to the trouble of supervision. On the other hand the 
vigorous development in recent years of the Hammett 
relation and its offshoots (known collectively as “linear 
free energy relations”) probably deserves greater recog- 
nition in teaching courses, and the writer believes this 
practical approach to be particularly suited to the 
subject. 


The Hammett Relation 


The rate-determining step in the alkaline hydrolysis 
of methyl benzoate is considered to be attack on the 
carbomethoxy group by hydroxide ion (2). As expected 
from simple electrostatic considerations, meta and para 
substituents which are electron-attracting relative to 
hydrogen accelerate the hydrolysis, while electron-do- 
’ nating substituents retard it. (Similar predictions for 
ortho substituents are vitiated by steric interactions). 
It was shown by L. P. Hammett (3) that each meta 
and para substituent can be assigned a numerical value 
(the substituent constant, c) which quantitatively governs 
its effect upon the rate of this and many other side- 
chain reactions of benzene derivatives. As can be seen 
from Table 1, which gives substituent constants relevant 
to this exercise, electron-attracting substituents have 
positive values and electron-donating substituents have 
negative values. 


Table 1. Hammett Substituent Constants (4) 
Substituent Substituent Substituent 
—0.197 p-CeHs 0.009 p-Br 0.232 


p-CH; -0.170 pF 0.062 pI 0.276 
m-C(CH;); —0.120 m-OCH; 0.115 m-F 0.337 
m-CH; —0.069 p-CHO 0.216 m-CHO 0.355 
None 0.000 m-C.H; 0.218 m-Cl 0.373 

p-Cl 0.227 m-Br 0.391 


If the logarithms of rate constants for the alkaline 
hydrolysis of methyl benzoates in aqueous acetone at 
15°C are plotted against corresponding values of o 
the points fall about a straight line of slope 2.30. For 
o = 0 the appropriate rate constant is the one for 
methyl] benzoate itself, ko. Hence 


log k/ko= 2.30 o 
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A Group Experiment on the 
Hammett Sigma-Rho Relation 


This is the Hammett relation for the particular reaction 
considered. The same form holds for other side-chain 
reactions but the numerical coefficient varies with the 
reaction: E.g., it is 1.07 for the alkaline hydrolysis of 
meta and para substituted benzamides in water at 
100°C, and —2.14 for the quaternization of dimethyl- 
anilines by methyl] iodide in methanol at 65°C, a reac- 
tion which differs from the previous two in that elec- 
tron-attracting substituents retard the rate. This 
coefficient (the slope of the line obtained by plotting 
log k versus a) is called the reaction constant, p, and 
the general form of the Hammett relation is therefore 


log k/ko = op 


For each reaction series several rate constants must be 
measured in order to determine p. Other rate con- 
stants in the series can then be calculated, including 
those of compounds having more than one substituent, 
for which cases the sum of the substituent constants is 
used in place of o. The Hammett relation applies 
as well to equilibrium constants as to rate constants, 
and the scales of o and p are actually based on an 
equilibrium series, the ionization of benzoic acids in 
water at 25°C. The reaction constant is arbitrarily 
taken as unity for this series, and the values of o are 
calculated from the identity 


o = log K/Ko 


The Hammett relation is approximate. (The rate 
or equilibrium constants are predicted with an average 
deviation of about 15%.) It is essentially empirical, 
for although it can be rationalized it cannot be derived 
from fundamental physical laws (6). In spite of these 
disadvantages it is of great value. Firstly, the values 
of o and op listed in 1953 [in an important review by 
H. H. Jaffé (6) ] enable 42,000 rate and equilibrium con- 
stants to be calculated; the majority of these have not 
been measured, and many are experimentally inacces- 
sible. Secondly, p describes quantitatively the suscep- 
tibility of these reactions to polar effects within the 
molecule, and it is for this reason a valuable criterion of 
mechanism (7). (The information required for both 
these purposes can be very succinctly expressed. It 
is usual to record the “least squares” values of p and 
log ko, the number of measurements (n) on which these 
are based, and suitable statistical estimates of the 
scatter, so that the reliability of the data can be as- 
sessed.) Finally, the success of the Hammett relation 
has led to the discovery of similar relations in other 
systems, and to other developments in the field of 
chemical reactivity (8). [For an explanation of the 
term “linear free energy relation,” which is applied to 
all relations of the Hammett form, see reference (9). ] 
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The Experiment 


Alkaline ester hydrolysis is among the most con- 
venient of hundreds of reactions which might be used 
to illustrate the Hammett relation: many suitable 
esters are commercially available, others are easily 
prepared from the corresponding acids, and the re- 
actions can all be followed by a simple titrimetric 
method. The following instructions (10) apply to the 
hydrolysis in 56% acetone-water at 15°C of methyl 
benzoate itself. Necessary modifications when dealing 
with other esters and the choice of alternative working 
temperatures are considered later. 


56% (by weight) acetone-water. Transfer 200 ml of water to 
a 500-ml volumetric flask and fill to the mark with acetone. 
Use distilled water through which air has been bubbled to ensure 
that CO: is not in excess of the equilibrium concentration. 

0.2 N sodium hydroxide in 56% acetone-water. Transfer 50 
ml of approximately 1 N aqueous CO.-free sodium hydroxide and 
79 ml of acetone to a volumetric flask, and make up to 250 ml 
with 56% acetone-water. Standardize with pure benzoic acid, 
using Cresol Red indicator. 

Hydrochloric acid. Prepare about 700 ml of 0.015-0.020 M 
aqueous hydrochloric acid. The equivalent volumes of this and 
the sodium hydroxide solution are then determined under the 
conditions of the reaction, so as to find the titration value for 
time t = 0. Pipet 50 ml of the alkali and 50 ml of 56% acetone- 
watex into a flask and immerse in a constant temperature bath 
at 15°C for 15 minutes. Titrate 10-ml samples with the acid, 
using Cresol Red. 

The ester solution. Prepare 250 ml of a solution of methyl 
benzoate in 56% acetone-water such that the concentration is 
exactly half that of the sodium hydroxide solution. 


First kinetic run. Pipet 50 ml of the sodium hy- 
droxide into one compartment of the reaction vessel, 
and 50 ml of the ester solution into the other. (A 
suitable reaction flask is made by heating the base of 
a 500-ml conical flask along a diameter and pushing 
inward with the edge of an asbestos board.) Allow 
20 minutes for thermal equilibration in the 15°C bath, 
then mix the solutions, and commence timing simul- 
taneously. Titrate 10-ml samples at increasing in- 
tervals of time between 2 and 150 minutes. (If the 
greater part of the hydrochloric acid is run into the 
titration flask before the sample is added, the titration 
can be completed in a more leisurely way.) The rate 
constant is determined graphically using the general 
second-order equation: 

1 b(a — 2) 


t 


where a and b are the initial concentrations of sodium 
hydroxide and ester respectively, and x is the decrease 
in concentration in time ¢. In this case a = 2b. For 
each time t, (a — x) can be calculated directly from a 
and from the ratio of the titration values at times ¢ and 
0. Values of x and of (b — x) are then obtained by sub- 
traction. 

Second kinetic run. 25 ml of sodium hydroxide 
solution and 25 ml of aqueous acetone are added to one 
compartment of the reaction vessel, and 50 ml of ester 
solution to the other. The subsequent procedure is 
similar to that in the first experiment. In this case 
a = b, and the rate constant is calculated from the 
specialized second-order equation: 


1 


a 


The two values of the rate constant should be averaged. 

A range of esters must be chosen whose rates can be 
measured without greatly modifying the above method. 
Those for which substituent constants are given in 
Table 1 are suitable. The rate constant increases 
approximately threefold for an increase in o of 0.2. 
The procedure for methyl benzoate (o = 0) is therefore 
suitable for all esters with substituent constants in the 
range —0.2 to 0.2, providing the intervals between 
titrations are suitably adjusted. For those in the range 
0.2 to 0.4 the rate should be reduced by halving the 
concentrations of alkali and ester. The concentration 
of the acid titrant must also be halved: the method 
for methyl benzoate is then followed. Esters with 
considerably faster or slower rates can be studied if 
more drastic modifications in the method are adopted, 
but the scheme suggested is more easily administered 
and leads to good results. 

A constant temperature of 15°C was achieved by 
running tap water through a metal coil in an otherwise 
conventional thermostat bath. In warmer regions 
it would be convenient to choose a higher temperature 
(up to 25°C) or to use an ice bath. At 25°C the rates 
are about 2.5 times greater than at 15°C, and esters 
with substituent constants in the region —0.4 to 0.2 
should be chosen. (It is inadvisable to more than halve 
the reactant concentrations unless precautions are taken 
to exclude CO, while titrating). At 0°C the rates are 
4 times slower than at 15°C, and the more rapidly 
hydrolyzed esters up to and including the para-nitro- 
benzoate (o = 0.778) should be used. The abundance 
of compounds in this range makes 0°C a better choice 
than 25°C. 

If desired the reaction can be followed conducto- 
metrically (1). In this case the initial concentrations 
of alkali and ester must be equal. 


m-!| @ A 
1 
7 
H 7 
—2.5 — = 
2 
p- m-CH3 
—2.9 @ p-t.C4Hy 
—0.2 0.0 +0.2 +0.4 


Student results. p (slope of line) = 2.23. 


Results 
In the Sheffield laboratory, each student plots his 


own result (after it has been checked) on a suitably 
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labelled graph, which is prominently displayed during 
the period of the exercise. One group’s results are 
shown in the figure. The standard deviation (S) and 
the correlation coefficient (r) are then calculated (11) 
as a separate exercise on the statistical treatment of 
errors. (These calculations are a desirable but by no 
means essential part of the exercise.) The results in 
Table 2 correspond to those in the figure: p, n, and 
log ko have all been defined. The results quoted by 


‘Table 2. Typical Student Results for Hydrolysis of 
Substituted Methyl Benzoates 


Source 7 S r n —log ko 
Present. work 2.23 0.077 0.991 7 2.44 
Jaffé (6) 2.30 0.122 0.991 10 2.45 


Jaffé were obtained with esters having a wider range of 
rate constant; but the two sets are otherwise com- 
parable, and experience has shown that results of this 
standard are normal for the exercise. 
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Samuel H. Wilen 
Chester B. Kremer 
and Irving Waltcher 
The City College 
New York 


A. unusually stimulating preparative 
sequence carried out in the second semester organic 
laboratory is the multistep synthesis of polystyrene, 
starting effectively from benzene. 

Benzene is first acetylated with acetic anhydride. 
This standard acetophenone preparation is followed 
by a sodium borohydride reduction to phenylmethyl- 
carbinol (1-phenylethanol).'? The latter is isolated and 
purified by vacuum distillation. Student yields in the 
reduction are of the order of 60-65%. 

Dehydration of phenylmethylearbinol with potassium 
hydrogen sulfate leads to styrene in yields of 70-85%. 
Attempts to dehydrate the alcohol with sulfuric acid, 
phosphoric acid, or anhydrous zine chloride lead di- 
rectly to polystyrene. If desired the styrene may be 
purified by vacuum distillation, but in practice the 
crude monomer is dissolved in an arene, e.g., toluene 
or xylene, and dried conventionally or by azeotropic 
distillation (e.g., distillation of about 10% of the solvent 
or until the distillate is clear); and the solution is used 


1 Cuatxin, 8S. W., AND Brown, W. G., J. Am. Chem. Soc., 71, 
122 (1949). 

2 “Sodium Borohydride, Potassium Borohydride,”’ Metal Hy- 
drides Inc., Beverly, Mass., 1958. 
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Polystyrene—A Multistep Synthesis 
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in the next step. In either case, styrene is charac- 
terized through formation of the solid adduct obtained 
by addition of bromine. 

The styrene is then polymerized by refluxing its 
solution in the arene with a small amount of dibenzoyl 
peroxide. A one hour reflux period is sufficient to give 
reasonable conversion to polystyrene. The reaction 
mixture is added to excess methanol and the precipi- 
tated polymer isolated by decanting the solvent mix- 
ture, filtering if necessary, and triturating the solid 
with fresh methanol. The final step gives from 2 to 
2.5 g of product from an average of 6.5 g of styrene. 
The conversion depends upon the length of time allowed 
for reflux. 

The sequence requires approximately four 4-hr 
laboratory periods when benzene is the starting mate- 


rial. If desired, acetophenone may serve as the starting | 


material with a reduction in time of at least one labora- 
tory period. This time can be reduced further by 
not drying the styrene before polymerization. 
Although the sequence is somewhat lengthy, the 
time invested in it is felt not to be excessive inasmuch 
as it exposes students to a wide variety of techniques, 
reactions, and compounds: Friedel-Crafts acylation, 


| 


reduction with a metal hydride, dehydration of an 
alcohol, controlled polymerization, vacuum distillation 
of an easily dehydrated compound, drying by azeo- 
tropic distillation, and trituration. 

It may be mentioned that in the authors’ classes in 
which this sequence has been carried out, student inter- 
est has been high and good results have been obtained 
by nearly all students. 

The sequence (simplified) is summarized as follows: 


O 


| 
AICI; 
+ AcxO ——— + AcOH 

° H 

bon, —O+B-, Nat 
4 + NaBH, — d 

H, | 


| | 


C—O+B-, Na+ 
CH; 
J. 
H 
¢ 
H; 
H 


| 
—OH KHSO, 
H; 


7 
CH=CH: 
n 


0) 


Phenylmethylearbinol. Over a period of approxi- 
mately 15 minutes, 12.0 g of acetophenone? is added by 
drops to a solution of 1.20 g of sodium borohydride‘ in 
25 ml of ethyl] alcohol contained in a 125-ml Erlenmeyer 
flask. The flask is swirled and the temperature is main- 
tained below 50° by external ice cooling if necessary. A 
white precipitate forms during the course of the reaction. 

After the reaction mixture has stood for fifteen min- 
utes at room temperature, a total of 10 ml of a 10% 
hydrochloric acid solution is added by drops. During 
the course of this addition, excess sodium borohydride 
is decomposed with evolution of hydrogen gas and most 
of the white solid dissolves. The supernatant is de- 
canted, 5 g of solid anhydrous potassium carbonate’ is 


The Experiment 


3 For typical directions see Apams, R., JoHNsON, J. R.., 
“Laboratory Experiments in Organic Chemistry,” 4th ed., The 
Macmillan Co., Inc., New York, 1949, p. 311; Brewster, R. 
Q., VanpeRWERF, C. A., anp McEwen, W. E., ‘“Unitized Ex- 
periments in Organic Chemistry,’”’ D. Van Nostrand Co., Inc., 
Princeton, N. J., 1960, p. 163; Voast, A. I., ‘Practical Organic 
Chemistry,” 3rd ed., Longmans, Green and Co., New York, 
1956, p. 729. 

* Metal Hydrides Inc., Beverly, Mass. Current price is 
$10/100 g. The hydride should be kept off the skin, and goggles 
should be worn when it is handled (see footnote 2). 


added, and the solution is concentrated on a water-bath 
until two layers are visible in the distilling flask. At 
this point, most of the ethanol will have distilled. 

The two layers (one aqueous, the other consisting 
principally of the reduction product) are extracted 
with ether (40 ml total) and the ether extract dried 
over anhydrous potassium carbonate. 

After separation from the drying agent, fresh anhy- 
drous potassium carbonate is added to the ether solution 
and the ether is removed by distillation on the steam- 
bath. With the solid potassium carbonate still pres- 
ent,® the residue is vacuum distilled from an oil bath, 
bp 102.5-103.5°/19 mm, 97°/13 mm. 

Styrene. A mixture of 10 g of phenylmethylcarbinol, 
1.0 g of potassium hydrogen sulfate and 0.1 g powdered 
copper metal’ is placed in a 125-ml distilling flask fit- 
ted with a short condenser. The mixture is distilled 
from an oil bath whose temperature is gradually (10 
minutes) brought up to 200-220°. The vapor temper- 
ature should not exceed 130°. The distillate is collected 
in a 10-ml graduate cylinder. The yield of crude sty- 
rene may be estimated from the volume of the organic 
layer (density of styrene = 0.91) or from the volume 
of the aqueous layer. 

For isolation of the styrene, the organic layer is 
taken up in 30 ml of ether, the ether extract washed 
with saturated aqueous sodium carbonate, dried over 
anhydrous calcium chloride and distilled from copper 
powder, first on the steam-bath and then under vacuum, 
bp 48°/20 mm. 

If styrene is not to be isolated, the original distillate 
containing the crude styrene is diluted with three times 
its volume of toluene or xylene (commercial mixture), 
the small aqueous layer separated, and the styrene- 
arene solution dried either over anhydrous calcium 
chloride or by distillation of the arene until the distillate 
is clear (distilling 10-20 ml is generally sufficient). 

Polystyrene. To a solution of styrene in an arene 
containing approximately 6.5 g of styrene, 0.1 g of diben- 
zoy| peroxide® is added. After refluxing for one hour 
(longer refluxing leads to a greater conversion), the so- 
lution is poured slowly into 150-200 ml of methanol. 
The methanol is decanted from the white solid material 
or filtered with suction if necessary. The Solid is tri- 
turated with fresh methanol until it is tractable, then 
filtered and dried. A small portion of the polystyrene 
so prepared may be redissolved in toluene and a film 
cast by allowing the solvent to evaporate on a glass or 
metal plate. 

Styrene dibromide (1,2-Dibromophenylethane). To 
two or three drops of crude styrene in a test tube there is 
added a 5% bromine in acetic acid solution until an 
orange color persists. The orange solution is poured into 
5-10 ml of water to precipitate the solid styrene dibro- 
mide. The solid is isolated by suction filtration with 
a Hirsch funnel, washed with cold water, and recrystal- 
lized from aqueous ethanol, mp 73°. 


5 Traces of acid would result in dehydration of the alcohol. 

6 At this stage, two students usually combine their samples and 
perform the vacuum distillation together. 

7 Addition of copper powder to the dehydration mixture re- 
portedly reduces the tendency to polymerize; BERGMANN, E. D., 
AND Katz, D., J. Chem. Soc., 3216 (1958). 

8 It is safer to purchase dibenzoyl peroxide in, and dispense it 
from, cardboard containers than screw cap jars. 
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Chester B. Kremer 
and Samuel H. Wilen 
The City College 
New York 


The ‘Friedel-Crafts alkylation reaction 
is a standard experiment carried out in nearly all under- 
graduate organic laboratory courses. The reaction and 
its modifications clearly illustrate electrophilic aromatic 
substitution. 

The standard set-up usually employed in Friedel- 
Crafts alkylations consists of a flask connected to a 
reflux condenser, with a two-hole cork inserted in the 
top of the condenser to provide for a dropping funnel 
and a gas trap takeoff. The heterogeneous reaction 
mixture is agitated by shaking the entire set-up or 
by partially breaking the reaction flask away from its 
connection with the reflux condenser and shaking the 
flask alone. The first method endangers the gas trap 
and dropping funnel atop the condenser; the second 
invites the escape of hydrogen halide gas. 

A simple and practical reaction apparatus has been 
designed which offers the following desirable qualities: 
compactness and stability, efficient stirring, ease of 
temperature control, moderate capacity, and an ef- 
ficient gas trap. 

The apparatus consists of a 38 X 200 mm borosili- 
cate glass test tube fitted with a cork holding a dropping 
funnel, a manual stirrer, and an attachment to a suction 
‘flask gas trap. The stirrer is made from 4-mm. glass 
rod in two pieces held together by a small section of 
tight-fitting gum rubber tubing. The location of the 
rubber tubing is such that it prevents the stirring circle 
from striking the bottom of the tube on a downward 
stroke. At its point of furthest descent, the stirring 
circle is within '/, inch of the bottom of the tube. The 
plane of the stirring circle is at right angles to that of 
the rod shaft. The clearance of the stirring rod through 
the 7-mm glass tube bearing allows for a rapid up 
and down motion without the use of a lubricant. 

The suction flask serves as a trap for any hydrogen 
halide gas evolved. The inlet tube terminates about 
'1/, inch above the surface of water in the flask. When 
the apparatus is functioning, slight suction from a water 
aspirator produces a gentle sweep of hydrogen halide 
gas from the reaction tube into the trap. None of the 
gas escapes through the stirrer during a reaction due to 
this suction. In reactions where no hydrogen halide 
gas is evolved, as in the preparation of cyclohexylben- 
zene from cyclohexene, benzene, and sulfuric acid, the 
gas trap is dispensed with. The dropping funnel is 
then set in an outside hole of the cork and a thermome- 
ter in a center hole if a more accurate measure of the 
reaction temperature is desired. 

Temperature control in many of the alkylations is 
effected simply by the cooling action of a beaker of ice 
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and water, brought up around the reaction tube when 
the temperature begins to exceed 30°. An approximate 
temperature of 30° can be readily noted without the 
use of a thermometer: it is the temperature that first 
imparts a sensation of warmth to the touch of the hand. 
Since most of the alkylations proceed readily below 30° 
there is no need for a reflux condenser. Refluxing at 
any stage would probably increase the amount of 
polysubstitution. 

Reaction volumes up to 90 ml are readily accommo- 
dated in the large test tube. Good yields are obtained 
in various alkylations by employing reaction volumes 
varying between 60 and 90 ml. 

The described apparatus has been used successfully 
in these laboratories for Friedel-Crafts alkylations to 
prepare: 

Cyclohexylbenzene from either cyclohexene or chloro- 
cyclohexane reacting with benzene in the presence of 
either concentrated sulfuric acid or anhydrous alumi- 
num chloride as catalyst. 

Tertiary butylbenzene from either tert-butyl chloride 
or tert-butyl alcohol reacting with benzene and using 
anhydrous aluminum chloride as catalyst. 

Diphenylmethane from benzyl chloride and benzene 
with anhydrous aluminum chloride. 

Tertiary butyltoluene from either tert-butyl chloride 
or tert-butyl alcohol reacting with toluene in the 


; 
1 
f 
= 


presence of either anhydrous aluminum chloride or 
concentrated sulfuric acid as catalyst. 

The preparation of. tert-butylbenzene! is described 
here to illustrate the use of the apparatys and to pre- 
sent a Friedel-Crafts modification that is ideally 
suited for the undergraduate organic laboratory course. 


Prepare the apparatus as shown in the figure. The large test 
tube, the dropping funnel, and the stirrer assembly must be dry. 
Place 11 g of powdered anhydrous aluminum chloride and 60 g of 
dry benzene in the tube. Cork the tube, attach the gas trap, and 
apply slight suction to the flask from a water aspirator. Now 
place 12.5 g of dry tert-butyl alcohol in the dropping funnel and 
add it dropwise to the vigorously stirred mixture in the reaction 
tube. Test for approximate temperature by placing the hand 
against the reaction tube. If a sensation of warmth is imparted 


1 Huston, R., Fox, W., anp Binper, M., J. Org. Chem., 3, 251 
(1938). 


to the hand, cool the tube by surrounding it momentarily with a 
mixture of ice and water contained in a beaker. Repeat this 
operation when necessary during the course of the reaction. 

After all the alcohol has been added (15-20 minutes), allow the 
reaction mixture to stand at room temperature, with occasional 
stirring, for one-half hour. 

In a hood, disconnect the reaction tube and carefully pour its 
contents, with stirring, into a slurry of 50 g of concentrated 
hydrochloric acid and 50 g of ice. After the ice has melted, 
separate the benzene and aqueous layers in a separatory funnel, 
extract the aqueous layer with 25 ml of diethyl ether, and com- 
bine the ether extract with the benzene layer. Wash the com- 
bined organic solutions with 35 ml of a saturated sodium bicar- 
bonate solution (Caution! Pressure may develop in the separa- 
tory funnel due to evolved carbon dioxide gas), separate the 
organic layer, and wash it with an equal volume of water. Dry 
the benzene-ether solution over 3—4 g. of anhydrous calcium chlo- 
ride. 

Fractionate the dried liquid and collect the fraction boiling be- 
tween 165-172° as tert-butylbenzene. Yield, 11-14 grams. 


Peter T. Lansbury 
University of Buffalo 
Buffalo, New York 


Tangible evidence for the existence of the 
reactive intermediates in organic chemistry is probably 
most vividly presented to beginning students by the 
characteristic colors of the triphenylmethyl carbonium 
ion, free radical, and carbanion. Whereas the trity] car- 
bonium ion is easily accessible by dissolving triphenyl- 
carbinol in concentrated sulfuric acid,' the generation 
of the carbanion from triphenylmethane by the action 
of potassium amide in liquid ammonia! is less con- 
venient. For facile demonstration purposes, it would 
be useful to have a higher boiling solvent which does not 
require special cooling, and a readily available base 
which can be handled without excessive caution. We 
now suggest the use of lithium aluminum hydride in 
pyridine or tetrahydrofuran for the metalation of 
triphenylmethane and related weak organic acids whose 
conjugate bases are highly colored in solution.?, A com- 
plementary method for obtaining these carbanions 
involves cleavage of alkoxides (reversal of carbanion 
addition to carbonyl groups). 

Lithium aluminum hydride in pyridine solution has 
recently been found to effect the reductive cleavage 
of benzpinacolone, and certain related ketones, to 


1 Nouuer, C. R., J. Chem. Ed., 26, 429 (1949). 

2? Lerrier, J. E., “The Reactive Intermediates of Organic 
Chemistry,’’ Interscience Publishers, Inc., New York, 1956, p. 
177. 

3 LansBury, P. T., Chem. and Ind., 1960, 151; J. Am. Chem. 
Soc., 83, 429 (1961). 


A Convenient Method for 
Demonstration of Stable Carbanions 


triarylmethide ion and benzyl alcohol’, as well as the 
normal reduction of a variety of other ketones. Thus, 
highly colored pyridine solutions of carbanions can be 
obtained instantaneously from the following ketones 
(colors shown under formula) : 


H 

Ar;C—C—Ar LiAlHy, Ar,—C+CO—Ar =? + Ar—C—H 
Coe 
Ar—CH,0° 
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Tetra-p-methylbenzpinacolone also gives a red colora- 
tion. Although these ketones are not all readily avail- 
able, benzpinacolone is often prepared by beginning 
organic students as an illustration of the pinacol re- 
arrangement, following the photochemical reduction of 
benzophenone’. Students could thus prepare triphenyl- 
methide at the conclusion of such an experiment. The 
cleavage of the ketones shown can be observed in tetra- 
hydrofuran also, although product studies confirm 
that the extent of cleavage is much less than in py- 
ridine. 

The basicity of lithium aluminum hydride in pyridine 
is greater than in ether, as shown by the ability of this 
combination to metalate triphenylmethane and similar 
acids.* Thus, the following hydrocarbons give in- 
tensely colored pyridine solutions when lithium alumi- 
num hydride is added: triphenylmethane (red), 
fluorene (orange), 4-benzylbipheny] (violet), 9-phenyle 
fluorene (orange),  di-p-biphenylylphenylmethan- 
(blue), 1-benzhydrylnaphthalene (green). The list 
of compounds tested is only a portion of potentially 
useful carbanion sources. By contrast, none of these 
hydrocarbons are metalated by lithium aluminum 
hydride in ethyl ether, nor does benzpinacolone undergo 
reductive cleavage in this solvent. In tetrahydrofuran, 
fluorene reacts slowly to give the 9-fluorenyl anion.® 
The reactivity of carbanions generated from either 


‘For example, see Freser, L. F., ‘Experiments in Organic 
Chemistry,”’ 3rd ed., D. C. Heath and Co., Boston, 1957 p. 165. 

5 Trevoy, L., anp Brown, W. G., J. Am. Chem. Soc., 71, 1675 
(1949). 


an appropriate ketone or a hydrocarbon is easily de- 
monstrable by the rapid bleaching observed upon addi- 
tion of oxygen, carbon dioxide, or an alkyl halide. 


Demonstration Procedures 


The author has carried out many small scale reduc- 
tive cleavages and hydrocarbon metalations in stop- 
pered test tubes or Erlenmeyer flasks. To about 
0.5-1.0 g of ketone or hydrocarbon in 10 ml of pyridine 
(dried over barium oxide) is added an equimolar quan- 
tity of powdered lithium aluminum hydride (the exact 
amount is unimportant in the case of demonstrations). 
The flask is loosely stoppered for a few seconds, while 
some heat is evolved and the color rapidly appears, 
then tightly stoppered and kept at room temperature 
for extended periods, as desired. 

To demonstrate the reaction of triphenylmethide with 
oxygen, it is desirable to use tetrahydrofuran as solvent, 
in which only a small amount of carbanion forms within 
5-10 minutes. The stoppered container can then be 
shaken so that oxygen present consumes the red anion. 
The color reappears after the solution is allowed to 
stand briefly. This cycle can be repeated several 
times until the red color persists, when all oxygen in the 


~ container has been used'up. The instructor or student 


can then note the effect of briefly opening the con- 
tainer to renew the supply of oxygen, then resealing and 
continuing the demonstration. We have allowed each 
member of a class of sixty students to observe these 
phenomena during a lecture, when a test tube con- 
taining about 0.1 g of triphenylmethane in tetrahy- 
drofuran with lithium aluminum hydride was passed 
around the group. 


Ross Stewart 
University of British Columbia 
Vancouver, B. C., Canada 


lL. recent years chemists have become 
more and more concerned with the paths by which 
chemical reactions take place. Since many reactions 
(particularly in organic chemistry) proceed in a step- 
wise manner, it is obviously important that students 
become familiar with the structures of possible reaction 
intermediates fairly early in their chemical education. 
A consideration of reaction intermediates is not the 
same thing as teaching reaction mechanisms. It is, 
in fact, an essential prerequisite to that. All of the 
modern organic texts which have recently appeared 
make frequent and early reference to reaction mecha- 
nisms. Now, one obviously does not discuss the mecha- 
nism of the conversion of compound A to compound B 
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Introducing students to 


The Reactive Intermediates of 
Organic Chemistry 


until the student is thoroughly familiar with the struc- 
tural symbols used for compounds A and B. Similarly 
one should not discuss the mechanism of the conversion 
of compound D to compound F via some reactive inter- 
mediate E until the student has at least some familiarity 
with the structure of E. 

The reactive intermediates of organic chemistry have 
been the subject of an excellent book! but one which is 
not likely to be seen by many students of organic chem- 
istry until they have been exposed to a great deal of 
mechanism. The purpose of the present paper is to 


1 Lerrier, J. E., ‘The Reactive Intermediates of Organic 
Chemistry,’’ Interscience Publishers, Inc., New York, 1956. 


outline a logical but brief presentation of the more 
important reactive intermediates the student is likely 
to encounter in organic chemistry. A fairly early dis- 
cussion of these molecules and ions not only prepares 
the way for discussion of mechanism but also makes 
very much easier descriptions of certain resonance 
structures which involve separation of charge. 

The four most important elements to be considered 
are carbon, nitrogen, oxygen, and halogen, possessing 
four, five, six, and seven valence electrons respectively. 
When these atoms possess a share in eight valence 
electrons (well established by this time in the student’s 
mind as the ideal condition) and are neutral, it follows 
that they must be bonded by four, three, two, and one 
covalent bonds, respectively, to other atoms. The 
atoms in question bear no formal charge because their 
formal share of one half of the electrons in the bonds 
plus their own non-bonding electrons adds up exactly 
to the number of valence electrons each of the neutral 
atoms possesses. The non-bonding electrons are not 
usually indicated in the structures but this causes no 
difficulty since everyone is thoroughly familiar with the 
numbers of these electrons in such molecules as am- 
monia (and hence amines and amides) and water (and 
hence alcohols, aldehydes,etc.). 

When one considers possible cationic forms of these 
four elements, some slight difficulty in symbolism is 
encountered. One need only write NH,*+ for am- 
monium ion since there are no non-bonding electrons but 
if one wishes to indicate the non-bonding electrons in 
oxonium ion or other, less familiar, oxygen cations, it is 
necessary to use the symbol 


+ 
H 
It seems to be considered in poor taste to designate such 


+ 
ions by the formula H—O—H, possibly because of the 


H 
implication that the reader is not capable of telling what 
the charge is if only the bonds and electrons are shown 
or (alternatively) what the number of spare electrons 


Table 1. Bonding to Carbon, Nitrogen, Oxygen, and 
Halogen Atoms 


C N O X 


Number of valence 
electrons 4 5 6 7 


Cation 
Increasing Stability 
Neutral radical —C— —N— :X: 


is if only the charge and number of bonds is shown; 
and possibly because of the jarring effect on the eye of 
the juxtaposition of electrons and positive charge in 
the formula. A bracket around the electron formula 
and the charge placed thereon is sometimes possible, 
but this cannot always be done with more complex ions 
in which it is important that the location of the charge 
on a particular atom be specified. In Table 1, which 
gives the bonding types for the anions, cations, and 
radicals of carbon, nitrogen, oxygen, and halogen, the 
non-bonding electrons are designated. In Tables 2 
and 3, which give some typical molecular structures, the 
commonly used method is followed; i.e., the number of 
bonds to a given atom and the charge, if any, on the 
atom are shown. It is obviously most important that 
the student be able to recognize by inspection the 
number of non-bonding electrons on any atom in a 
molecular formula. 


Anions and Cations 


If we consider the anions possible for the four ele- 
ments carbon, nitrogen, oxygen, and halogen, we find 
that each can have a share in eight electrons in the 
anionic state provided that the number of bonds are 
three, two, one, and zero, respectively (Table 1). The 
order of stability of these ions is exactly what would be 
expected from electronegativity considerations, i.e. 

When one considers the cations, however, we find that 
only nitrogen, oxygen, and halogen can be cationic and 
have a share in eight valence shell electrons. Carbon 
cannot do this without expanding its valence shell 
beyond eight electrons and using higher energy orbitals. 
The number of bonds to cationic nitrogen, oxygen, and 
halogen are four, three, and two, respectively, and the 


order of stability is again exactly what would be ex- 
pected from electronegativity considerations. Carbon 
can only be cationic if it has three bonds and no unshared 
electron pairs and hence has a share in only s?z electrons. 
It thus follows that carbonium ions (positively charged) 
and carbanions (negatively charged) are both going to 
be rather high energy species (unless specially sta- 
bilized by, for example, resonance) but for different 
reasons: carbanions because of the low electronega- 
tivity of carbon and carbonium ions because of the 
electron deficient valence shell, i.e. the atom has a 
share in only six valence electrons. 


Radicals 


The situation with the radicals of carbon, nitrogen, 
oxygen, and halogen is somewhat different, as might 
be expected. Here each of the central atoms has a 
share in seven valence electrons and is neutral. All 
of these radicals are met fairly frequently in chemistry. 
Since they carry no formal charge electronegativity 
effects will be small and they might be expected to have 
comparable stabilities, as in fact they do. 

Table 2 shows typical structures of the cations, 
anions, and radicals of carbon, nitrogen, oxygen, and 
halogen. Included in this table are contributing 
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Table 2. Typical Structures for the Anionic, Cationic, and 
Radical Forms of Carbon, Nitrogen, Oxygen, and Chlorine* 


Normal 
neutral 
forms 


(CsHs)sCO 


8CH.C 


(CeHs)sC + 
Cationic OH H.N 
forms 
CH; C CH; 


C=N H: CH; CH; 
H.N 


CH.—CH=Clt 


*NH, 


Radical (CoHs)sC- (CsHs)2N—N— (CH;);C—O- 
forms NO2)s 


* Certain of the structures shown here are minor contributing 
structures in a resonance hybrid, and indeed the same ion appears 
in some cases in different places in the table. 


structures to resonance hybrids as well as those in 
which the charge is localized on particular atoms. The 
relative importance of the contributing structure to a 
resonance hybrid also varies according to the elec- 
tronegativity of the atom in question. 


Electron Deficient Systems 


Since a carbonium ion has only six valence electrons, 
unlike all the other ions in Tables 1 and 2, it should 
really be compared to the electron deficient forms of 
nitrogen, oxygen, and halogen. The term electron 
deficient is frequently used to describe any ion or mole- 
cule with only six electrons in its outer shell. 

If we compare the stabilities of carbonium ions to 
those of the electron deficient cations of nitrogen, 
oxygen, and halogen, we find now that carbonium ions 
are clearly the most stable. The electron deficient ions 


C=N? and R-O? are often written as reaction inter- 
mediates, as in the following examples; but it is prob- 
able that they never exist as fully formed, discrete 


ions since the 1,2-shift which is a part of each reaction 
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’ is believed to be synchronous with ion formation. This 


in itself is an indication that the electron deficient 
cations of nitrogen and oxygen are of very high energy. 


Cr(VI) + 
R;,COH ———— [R;CO*] R2.C=O—R —— R.C=0 + ROH 


HN; + —-N: + 
R,C=0 —— R.C=N—N=N —— [R.C=N] — 
H,SO. 


4 


O 
+ 
RC=NR —— RCNHR 


The much greater stability of carbonium ions can be 
attributed to two factors. First, carbon is less elec- 
tronegative than nitrogen or oxygen and a positive 
charge will be borne better by that atom. Second, the 
carbon atom in a carbonium ion can be attached to 
three different groups, each of which (in the case of 
stable ions) can interact with the central carbon atom 
by resonance and hence stabilize the ion. 

In Table 3 are listed examples of electron deficient 
cations and neutral molecules. Except for the lone 
oxygen atom, only carbon and nitrogen can be neutral 
and still have a share in but six electrons. The mole- 

O 


cule of structure R—C—N: is an intermediate in the 
Hofmann hypobromite reaction, but even here the 1,2- 
shift may be synchronous with the formation of this 
electron deficient species. Carbenes are becoming 
familiar reaction intermediates and it is reasonable to 
suppose that they too undergo 1,2-shifts in those cases 
where this structural change is possible. Throughout 
this discussion of electron deficient species we have not 
been concerned with the question of their multiplicity, 
i.e. whether they are singlet (non-radical) or triplet 
(diradical) molecules and ions. 


lon-Radicals 


Ion-radicals possessing both an odd electron and a 
charge are, of course, capable of existence. Removal 
of an electron from an ordinary compound will produce 
a species which is both a radical and a cation. Addi- 
tion of an electron will, conversely, produce an anion- 
radical. They are simply radicals with an excess or 
deficiency of protons. The semiquinone anions like 
I, below, are well-known examples of anion-radicals as 
are the metal ketyls (II) produced by the donation of 
an electron by a metal atom to a ketone. 


O- 
Mt 


os 
Hs 


I Il 


In the former, both the negative charge and the odd 
electron are shared by both oxygen atoms and all the 
carbon atoms in the ring. In the ketyl anion-radical, 
the negative charge will prefer to be chiefly on the 
oxygen atom leaving the unpaired electron on carbon, 
although the resonance structure with this reversed 
undoubtedly contributes to the resonance hybrid. 

A stable cation-radical is produced by the oxidation 
of p-phenylene-diamine with bromine in acid solution. 


© FO 


/ 
\H 
H 
Anionic 
age. forms a 
CH,—C CH,—C 
\ 

: Ne N 

H.—C 

\ S 

0 0° 
+OH 

‘ 

4 ‘ 

oft 


Table 3. Typical Structures for the Electron Deficient 
Forms (Six Valence Electrons) of Carbon, Nitrogen, Oxygen, 
and Chlorine 


Cc N O Cl 
O 


Cationic (CsH;);C* O 
forms ete. + 
CH;—C—NH 


(CH;);C—O+ Clit 


Highly colored products of this type, which are analo- 
gous to semiquinones, are called Wurster’s salts (IIT) and 
as with virtually all stable ion-radicals a very large 
number of resonance structures can be written. 


+.NH, N 


| 
ete. 
| 
‘NH: NH, 


Tetracyanoethylene will remove an electron from 
various unsaturated molecules to become an anion- 
radical, IV: 


NC 


It should be pointed out that the Wurster’s salt ion- 
radical (III) differs in a formal way from the semi- 
quinone oxygen ion-radical (I) and the tetracyano- 
ethylene ion-radical (IV). The oxygen atoms in I 
and the nitrogen atoms in IV are bonded in the manner 
shown in Table 1. That is, I and IV are ion-radicals 
because one of the atoms in each molecule is a radical 
and another bears a charge, i.e., isionic. (Each equiva- 
lent atom by virtue of resonance bears both the charge 
and the odd electron, of course). In the Wurster’s 
salt ion-radical (IV) however, the charged atom is the 
one which possesses the odd electron. 

Table 4 shows the bonding arrangement possible for 
the four elements under discussion when the atom in 
question itself bears both an odd electron and a charge. 
The oxygen ion-radical arrangement shown there will 
be infrequently met, since the high electronegativity 
of oxygen will tend to destabilize the oxygen cation- 
radical arrangement (two bonds and one odd electron) 
and since a true oxygen anion-radical is not possible 


Table 4. The lon-Radical Bonding Arrangement for Carbon, 
Nitrogen, Oxygen, and Chlorine Atoms 


Cation 
(4+) 


Anion 


if any group is bonded to the oxygen. Carbon atoms 
bearing both a charge and an odd electron will likewise 
be very rare since the low electronegativity of carbon 
will make the only possible structure, a doubly-bonded 
anion, of very high energy. 

The relation between the structures of carbonium 
ions, carbanions, cation-radicals, and anion-radicals 
can be illustrated by considering the reaction of anthra- 
cene with reagents which will do these four things: 
(a) add an electron to produce an anion-radical (sodium 
in ether will accomplish this), (b) add a hydride ion 
to produce a carbanion (lithium aluminum hydride 
might be expected to do this but it has been observed 
that a very high temperature is required to reduce an- 
thracene with this reagent), (c) remove an electron to 
form a cation-radical (sulfuric acid acting as an oxidizing 
agent produces this species), and (d) add a proton to 
form a carbonium ion (a non-oxidizing acid such as 
hydrogen fluoride accomplishes this). 


IAN 


In the case of the ion-radicals above, the charge and/or 
odd electron can be distributed by resonance to all 
positions in the rings. In the case of the carbonium 
ion and the carbanion, the charge can be located on 
seven of the ring carbons. 
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D. E. O’Reilly' 
Gulf Research & Development Co. 
Pittsburgh, Pennsylvania 


The oxides of metals exhibit a wide 
range of electrical, optical, magnetic, and chemical 
characteristics. A useful classification of these in- 
teresting solids can be made into “closed shell” oxides 
which may be considered to be formed from oxide 
ions O= and metal ions with a filled electronic shell and 
oxides of the transition-, lanthanum- and actininum- 
series of metals for which the constituent metal ions do 
not have a completed electronic shell. Of the latter 
type of oxides only those of the first transition series of 
metals will be discussed in this paper. 

The energy band theory (1) of solids, which has been 
rather successful in the explanation of the properties of 
metals and valence crystals such as silicon and ger- 
manium, appears to be applicable to metal oxides, al- 
though a complete interpretation of the properties of 
metal oxides by band theory has yet to be made. 
The magnitude of the energy gap between the upper- 
most filled band (oxygen 2p) and lowest empty band 
of oxides depends sharply on the type of metal forming 
the oxide. Available values of the energy gap, Ez, of 
closed shell oxides indicate that E, decreases sharply 
with decrease in the electronegativity difference (2) 
Ax between the metal and oxygen. LE, also varies 
with the value of the principal quantum number n of 
‘the valence electrons of the free neutral metal atoms 
from which the oxide is derived. The variation of FE, 
with Ax for closed shell metal oxides of the fourth row of 
the periodic table (n = 4) is shown in Figure 1. Al- 
though these oxides have different crystal structures 
and hence differ in energy band structure, the depend- 
ence of E, on Ax parallels the increase in covalent 
character (2) of the corresponding metal—-oxygen bonds 
with decrease in Ax. Values of EH, are derived from 
the temperature variation of electrical conductivity or 
the position of the optical absorption edge of the solid. 
The thermal values of EF, often differ somewhat from 
the optical values—where both values are available 
tney are indicated in Figure 1. 

Closed shell metal oxides may thus be subdivided 
into insulators such as MgO and Al,O; and semicon- 
ductors such as ZnO and PbO. Oxides of metals of 
the first transition series behave as insulators, semicon- 
ductors, and in some cases, as metals, due to the pres- 
ence of the incomplete shell of 3d electrons. 

The classical theory of ionic solids of Born and Mayer 


Presented as part of the Symposium on the Chemistry of the 
Solid State before the Division of Chemical Education at the 
138th Meeting of the ACS, New York, September, 1960. 

Other papers in this symposium were published in May, 1961. 
See this Journal, 38, 224-250 (1961). 

1 Present address: Argonne National Laboratory, Argonne, 
Illinois. 
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Electronic Configuration 
of Metal Oxides 


has been applied to metal oxides and yields rather good 
agreement between observed and calculated values of 
lattice energy (1). Although such agreement does not 
prove that metal oxides are completely ionic (since the 
Born-Mayer theory yields good results even for solids 
such as PbS which are considered to be rather co- 
valent), it does indicate that, as a first approximation, 
metal oxides can be considered to consist of metal ions 
and oxide ions. 

In the following section, crystal field theory (3) is 
discussed and applications to thermodynamic, optical, 


“and paramagnetic properties of metal oxides are 


illustrated. A description of properties of metal oxides 
which are due to covalency, such as antiferromagnet- 
ism and electronic conduction, is then given. Next, 
the chemical catalytic properties of metal oxides and 
their relationship to covalency are considered. In con- 
clusion, a brief discussion of problems in an energy band 
description of metal oxides is presented. 


ENERGY GAP, ev 


0.0 1 
10 2.0 3.0 
ELECTRONEGATIVITY DIFFERENCE, Ax 


Figure 1. Energy gap E, between uppermost filled band and lowest 
empty band of closed shell oxides of fourth row metals versus electro- 
negativity difference between metal and oxygen. X represents optical 
or thermal value of E,, o represents arithmetic average of optical and ther- 
mal values of E,. The value of E, for Ca is estimated. 


Crystal Field Theory 


A 3d valence electron of a metal ion of the first 
transition series has an orbital angular momentum of 
2h (Planck’s constant/2 7), i.e., 1 = 2, and an intrinsic 
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or spin angular momentum equal to ('/2)h, ie., s = 
1/>. Asa result, there are (2/ + 1) = 5 different or- 
bitals for such an electron and (2s + 1) = 2 different 
spin orientations for each orbital. In a metal ion with 
one 3d electron, such as V**, all of these orbitals have 
the same energy in the gaseous ion, not in chemical 
combination. When the ion is in chemical combina- 
tion, however, the 3d orbitals no longer are energeti- 
cally the same, but differ in energy due to their direc- 
tional properties. Consider a 3d electron metal ion 
surrounded by an octahedral array of oxide ions, as 
frequently occurs in metal oxides. As shown in Figure 
2, two of the five orbitals, designated by eg, are higher 
in energy than the remaining three, designated by fog. 
The reason for such splitting of the free ion 3d electron 
level is apparent after examination of the distribution 
of electron probability amplitude for each orbital, also 
32° 


OY” “HD” “B® 


yz xz 


Figure 2. Energy levels of a single d electron and contours of constant 
probability amplitude of d electron wave functions. 


shown in Figure 2. The eg orbitals point in the direc- 
tion of the oxide ions and overlap them considerably, 
while the fg orbitals, on the other hand, are directed 
between the oxide ions and overlap them much less 
than do the eg orbitals. Due to greater electrostatic 
repulsion, therefore, the eg orbitals are higher in energy 
than the tg orbitals. Denoting the energy of the eg 
orbitals by E. and that of the t, orbitals by /:, it is 
necessary that when both the levels are filled with 
electrons the total energy, relative to the unsplit 3d 
level, is zero. That is 


4E. + 6E, = 0 (1) 


Denoting the energy separation E. — FE: by 10 Dg, one 
finds E. = +6 Dq and Ek = —4 Dg. The quantity 
Dg is an empirical parameter which may be obtained 
from the optical spectra of transition metal oxides. 

For dipositive metal oxides of the first transition 
series of metals, the 3d electrons occupy the eg and fog 
levels so as to have maximum total spin. Thus if three 
electrons are in the tog levels, the fourth would go into 
the eg level and not until the sixth electron is added 
will the t¢ orbital be occupied by four electrons. The 
total energy of the 3d electrons is called the stabiliza- 
tion energy 6 H and is given by 


6H = — 6n.)Dq (2) 


where n; and ne are the number of electrons in the tog 
and eg orbitals, respectively. For metal oxides Dg is 
in the range of 0-6 kcal/mole, so that the stabilization 
energy can be as high as 10% of the total lattice energy. 
For the d? and d’ configurations n: and ne are generally 
not integers unless Dg is sufficiently large (3). 

For some tripositive metal ions in oxides, such as 


Cot’, it is a better approximation to consider that the 
electrons fill all the lower tg orbitals before occupying 
the eg orbitals, since Dg is large (4). However, in this 
strong crystal field or low spin approximation, the 
energy required to pair electrons must be included. 
For the configurations d', d?, d*, d*, and d*® the low spin 
approximation is the same as the high spin approxi- 
mation, but for d‘, d°, d*, and d’ the crystal field con- 
figurations differ in the low and high spin approxima- 
tions. These situations are illustrated for various 
cobalt(II) and cobalt(III) compounds in Figure 3. 


Cobalt (iti) 


Cobalt (tl) 


Ky Co (CN), Ke (NOs), S# 


tag 


K3CoFe C00, 

Figure 3. Low and high spin compounds of cobalt. The 3d energy lev- 
els are simply represented by the levels for octahedral coordination. Elec- 
tron occupation of levels and spin orientation in levels is indicated by 
arrows. 


The thermodynamic stabilization energies (4) of di- 
positive 3d metal oxides are given in Figure 4 and com- 
pared with values of the stabilization derived from 


—— THERMODYNAMIC 
---- SPECTROSCOPIC 


STABILIZATION ENERGY, KCAL MOLE ~ 


Vv Cr Mn Fe Co Ni Cu Zn 


Figure 4. Thermodynamic and spectroscopic stabilization energies of di- 
positive metal oxides of the first transition series of elements. 


spectroscopically determined values of Dg. The ther- 
modynamic stabilization energy is computed from the 
experimental lattice energy of a dipositive oxide by 
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subtraction of the lattice energy computed from the 
Born-Mayer theory. That is, 


6H = Uexpt — Ut (3) 


where 


Ae? 1 
UL = *) (4) 
A is the Madelung constant, 7) the sum of the ionic 
radii (2) of the metal ion M+? and O,~ and n is the 
exponent of 1/r in the repulsive potential. All the 
oxides given in Figure 4 are simple cubic (A = 1.748) 
except CuO which has the tenorite structure (A ~ 
1.645) and ZnO which has the wurtzite structure (A 
= 1.641). For all these oxides n is taken to be equal 
to 8.0. 

The spectroscopically derived 5H values are com- 
puted from Dg values derived from the optical spectra 
of the oxides and hydrated metal ions in solutions using 
equation (2), assuming the electrons occupy the hg 
and eg levels so as to produce maximum total spin. 
The agreement between the thermodynamic and spec- 
troscopic stabilization energies is good and is indicative 
of the correctness of the crystal field theory. 

Ions of transition metals may be substituted into 
closed shell oxides and by their optical and, in partic- 
ular, magnetic properties act as probes by which de- 
tails of the electronic structure of the host oxide may 
be ascertained; for example, consider the ion Crt* 
which has 3d electrons and a ground state crystal field 
configuration of (t,)*. The configuration (tg)? (eg) 
in which one electron is removed from the tg level and 
placed in the eg level gives rise to two energy levels 
‘T, and ‘7, depending on whether the e, electron is in 
the 322 — r? or x? — y? orbitals. The configuration 
(tog) (eg)? gives rise to a single energy level. These 
levels are illustrated in Figure 5. Thus the optical 
spectrum of Crt* in an octahedral crystal field shows 
three absorption bands—generally two are in the 
visible and one in the ultraviciet. 


(eg)* *T, 

(tag) 
4F 

(tag)? (eg) 
(tes)? “A, 

FREE ION OCTAHEDRAL 

LEVELS CRYSTAL FIELD 

LEVELS 


Figure 5. Energy levels of Cr+? in a cubic octahedral crystal field. Arrows 
denote possible electron transition. 


In addition to the broad bands due to quartet- 
quartet transitions, weak, sharp absorption bands are 
observed, caused by transitions from the quartet ground 
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state to excited doublet states in which two electrons in 
the tg or eg orbitals have opposite spin orientation. 
These transitions also give rise to sharp emission bands, 
which have attracted much attention. 

The technique of electron paramagnetic resonance 
(EPR) perhaps is the most useful in the study of the 
magnetic properties of closed shell oxides doped with 
transition metal ions. The EPR absorption of a single 
crystal of MgO with a few tenths per cent of chro- 
mium impurity shows that three types of chromium are 
present (a): (1) Crt** ions in a pure cubic crystal 
field giving rise to a single, intense resonance line with 
weak hyperfine structure from Crt*, (2) Crt? ions in a 
crystal field of axial symmetry with the symmetry axis 
along the (100) type directions, and (3) Cr+ ions in a 
crystal field of rhombic symmetry with symmetry axes 
in face-diagonal (110) type directions. Chromium of 
type (1) is due to Cr** substituted for Mg*? with no 
associated lattice vacancy in the vicinity. Type (2) 
chromium is interpreted as type (1) chromium with a 
Mgt? vacancy in the next-nearest cation position 
along the (100) type directions. Finally, type (3) 
chromium is similar to type (1) but with an associated 
Mg*? in the nearest-neighbor cation sites [(110) direc- 
Thus direct evidence for the presence of 
crystal vacancies is supplied. Paramagnetic reso- 
nance of F-centers in irradiated MgO has also been ob- 
served (5b). 


Effects of Covalency 


By the use of the technique of EPR, effects due to the 
covalency of metal oxides can be directly observed. 
This is illustrated by the spectrum of Mn*? in MgO at a 
concentration of about 0.2% Mn. As is well known 
(6), an extensive pattern of resonance lines is observed 
corresponding to a g-factor of 2.00 and due to isolated 
Mn*? ions substituted for Mg**. Six main lines re- 
sult for Mn+? in a cubic site, since Mn® has a nuclear 
spin J = 5/2 and there are 2] + 1 = 6 different orien- 
tations of the Mn*® nucleus for which the 3d electrons 
experience a different local magnetic field due to hyper- 
fine interaction. There is a further additional splitting 
of the ground state energy level of Mn+? (S = 5/2) 
in a cubic crystal field which results in 6 unequally 
spaced electron spin levels in a magnetic field and hence 
5 lines in the absence of the nuclear hyperfine inter- 
action. In total, therefore, there are 5 X 6 = 30 lines 
which appear, not all of which are resolved due to the 
relatively high Mn+? concentration. 

In addition to the intense lines due to isolated Mn+? 
ions, weak lines consisting of eleven hyperfine com- 
ponents are observed (6). 

Upon rotation of the Mn-doped MgO relative to the 
applied magnetic field, the intense pattern remains in 
the vicinity of 3400 gauss while the eleven line pattern 
moves to various field strengths. Two types of 11-line 
patterns are observed (6), one of which is ascribed to 
Mn-O-Mn pairs occupying next-nearest-neighboring 
sites and the other to Mn-Mn pairs occupying nearest- 
neighbor cation sites. The spectra observed corre- 
spond to S = 1 and 11 lines result from the two Mn® 
nuclei with a total spin of 5. This situation would re- 
sult if the Mn*? pairs are coupled by an exchange inter- 
action which favors the antiparallel arrangement of 


> 

we 


spins, so that the lowest state would correspond to S = 
0 or parallel spins and successive excited states have 
S = 1, 2, 3, 4, and 5. 

The Mn*? electron spins are coupled by the so-called 
superexchange interaction. This coupling of electrons 
results from overlap of eg and tg d electron orbitals with 
the oxygen 2pe orbitals (for Mn-O-Mn) and 2pz or- 
bitals (for Mn-Mn), respectively. Since the two elec- 
trons of an oxygen 2po (or 7) orbital are paired, the 
Mn-O overlap results in opposite spin orientation for 
both nearest and next-nearest neighbors of a given 
Mn+? ion, due to the spin correlation between these Mn 
neighbors produced by electronic overlap with the 
oxygen 2p electrons. 

The superexchange interaction results in the phe- 
nomena of antiferromagnetism (no net magnetic mo- 
ment) in metal oxides and ferrimagnetism( partial mag- 
netism) in mixed transition metal oxides or metal 
oxides in which the metal exists in two valence states 
(e.g., Fe;0, or Mn;O0,). Above a definite temperature, 
referred to as the transition or Néel temperature, 
transition metal oxides are paramagnetic; below the 
transition temperature the oxides are antiferromag- 
netic or ferrimagnetic as the case may be. Available 
transition temperatures for divalent metal oxides are 
given in Table 1. It is of interest to note that 7. in- 
creases with decrease in ionic radius (2) of the metal 
ion, except for Cut? which does not have the rock salt 
structure, but rather the tenorite structure in which 
two of the six oxygens surrounding the metal ion are 
further from the metal than the other four. This 
relationship of 7, and FR reflects the increase in metal- 
oxygen overlap with decrease in metal radius. 


Table 1. Transition Temperatures and lonic Radii 
of Divalent Metal Oxides of the First Transition Series 


Oxide Radius (4) 
TiO <10 0.90 
Vo 120 88 
CrO Ce 0.84 
MnO 116 0.80 
FeO 190 0.76 
CoO 291 0.74 
NiO 520 0.72 
CuO 230 0.74 


The effect of the transition from the paramagnetic 
to the antiferromagnetic state is quite striking in the 
EPR spectra of a sample of a-Cr.O; at various tem- 
peratures (9). The resonance at temperatures above 
the transition temperature (~33°C) is a symmetrical 
line, which disappears at temperatures below about 
30°C, due to the onset of spin alignment in Cr.Os. 

In the stoichiometric state the dipositive oxides of 
Mn, Fe, Co, Ni, and Cu are insulators or weakly semi- 
conducting (7). However, the dipositive oxides of Ti 
and V exhibit metallic conductivity above 7. and be- 
come semiconductors with a small energy gap below 
T.. MnO, FeO, CoO, NiO, and CuO are considered to 
have well localized 3d electrons in tg and eg orbitals, 
as inferred from their poor conductivity. In TiO and 
VO, on the other hand, the eg and tg levels are con- 
sidered to be broadened into bands. Above the transi- 
tion temperature band conduction occurs in the tog 
band, below the transition temperature conduction is 
impeded by the tendency for the spins to be oriented 


relative to one another and be localized on cations. 
For VO, the tg band is only half filled above the transi- 
tion temperature so that metallic conduction occurs. 

The oxides MnO, FeO, CoO, NiO, and CuO, when 
nonstoichiometric or doped with oxides of monopositive 
metals such as Li,O, show p-type semiconductivity (8). 
When doped with Li,O, M** ions are produced in the 
lattice so as to compensate for the Lit ions which sub- 
stitute directly for the dipositive metal. In these 
doped oxides, the electrical conductivity due to the 
metal ion holes is not via a conduction band, but rather 
proceeds by diffusive migration of the holes through 
the lattice. The activation energy for hole conduction 
is overcome by optical mode lattice vibrations which 
free the trapped hole for migration after which it 
again becomes trapped on a M+? ion and so on. The 
diffusion coefficient of the electron hole is proportional 
to the amount of copositive character of the oxide, i.e., 
the overlap between adjacent metal ions. 


Chemical Catalysis 


The copositive properties of metal oxides are mani- 
fested in the chemical catalytic properties of metal 
oxides. A frequently used catalytic method is to sup- 
port catalytically active 3d metal oxides on relatively 
inert closed shell metal oxides such as Al,O;. Refer- 
ence 9 gives EPR spectra of samples of differing 
amounts of chromia supported on y-alumina. Unpaired 
electrons in three different types of environment are ap- 
parent: (1) Cr** ions which are not strongly coupled 
via exchange interactions with other Cr** ions as evi- 
denced by the maximum of the absorption derivative 
in the vicinity of 1500 gauss, (2) Cr** ions strongly 
coupled to other Cr** ions by the exchange interaction 
giving rise to the symmetrical absorption derivative 
centered near 3400 gauss, and (3) unpaired electrons 
which give rise to a relatively sharp absorption at g = 
1.973 which appears when the chromia is partially 
oxidized and appears to correspond to electrons trapped 
on Cr+ ions, i.e., Cr+*. When the sample is oxidized 
at low temperatures an unsymmetrical resonance ap- 
pears which is ascribed to O.~ ions adsorbed on the 
surface of the solid. Chromium of type (2) above 
dominates at the higher total chromium concentrations 
and appears to be most active for catalysis of the de- 
hydrogenation of saturated hydrocarbons. The chro- 
mium associated with electrons of type (3), on the other 
hand, appears to be most active in the decomposition of 
hydrogen peroxide. 

Variation of catalytic activity with number of 3d 
electrons of transition metal oxides is very strikingly 
made apparent by the data of Dowden, MacKenzie 
and Trapnell (10) on the rate of exchange of hydrogen 
and deuterium over oxides of the first series of transi- 
tion metals. These data are given in Figure 6. It is of 
interest that the activity is “twin peaked” in the inter- 
val 3d° to 3d". 

The significance of this twin-peaked activity pattern 
may be qualitatively understood from crystal field 
theory by reference to Figure 7. Here the approximate 
splittings of the eg and tg energy levels upon the re- 
moval of one of the six coordinating ligands to form a 
square pyramid are given. A somewhat similar situa- 
tion must exist on the clean surfaces of metal oxides in 
that the metal ions are not completely coordinated 
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with ligands. If now the surface is exposed to hydro- 
gen, H, molecules will be adsorbed on the surface of the 
metal oxide. It is assumed that one end of the H, 
molecule coordinates with the incompletely coordinated 


TiO, V0, Cr,0, MnO Fe,0, Co,0, NiO CuO Ce,0 ZnO Ga,0, Ged, 


Figure 6. H»-D». exchange activity over metal oxides (70). 


metal and the other end interacts with oxygen result- 
ing in the induction of a dipole moment in the mole- 
cule. With reference to Figure 7, one can show that 
the transition from the square pyramidal coordination 
to octahedral is exothermic only for the configurations 
d* (V+?, Crt) and (Nit*) and also d® (Cot) (in 
the low spin approximation) so that for these configura- 
tions adsorption of hydrogen would appear to be 


b,, (1) 


(2) 


aK 9,,(") 


10 Dq 


bag!) 


Figure 7. 3d electron energy levels in crystal fields of octahedral and 
square pyramidal coordination. 


favored. Desorption can occur by conversion of the 
ion to which the hydrogen is attached to one for which 
the original conversion of the square pyramid to octa- 
hedral coordination is endothermic. This can result 


by electron or hole diffusion from the solid to the ad- 
sorption site. Isotopic exchange can occur by desorp- 
tion of different pairs of hydrogen atoms from adjacent 
sites. Under reducing conditions, the only oxides of 
Figure 6 for which the above conditions for high 
activity are met are V.O; (V+?/V+*), (Crt+3/ 
Cr+), Co;0, (Cot®/Cot*) and NiO (Nit!/Ni*’) 
where the adsorption-desorption oxidation states are 
given in parentheses. Thus a qualitative understand- 
ing of the H.—-D, exchange activity of transition metal 
oxides results from consideration of crystal field stabili- 
zation energy and electron and hole mobility in an 
oxide lattice. 


Energy Band Theory 


The usual energy band description of solids (1) as- 
sumes that the motion of the atoms in the crystal in- 
fluences the energy states of the bonding electrons to 
only a small degree. In oxides, particularly those of 
the transitional metals, this assumption does not appear 
to be valid, in that strong interactions between lattice 
vibrations and electronic motions occur (11). Fur- 
thermore, as evidenced by the antiferromagnetic prop- 


_ erties of transitional metal oxides, strong correlational 


effects between electrons result so that localization of 
electrons of definité spin orientation on cation sites 
occurs. Future calculations of the band structure of 
these oxides will have to consider these important 
effects. 
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The site of reaction in any electro- 
chemical cell is the phase boundary at which electronic 
conduction changes to electrolytic conduction and 
vice versa. Conduction electrons are consumed or 
produced by these processes. The most commonly 
encountered boundaries are those between a metal 
and an aqueous solution or between a metal oxide and 
an aqueous solution. Electrochemists have tended to 
take as their special region of investigation that part 
of the cell extending from the interface (including any 
adsorbed species) into the solution, while as a matter of 
fact processes occurring on the other side of the bound- 
ary, that is, in the solid itself, often play a dominant 
part in determining the behavior of the electrochemical 
cell. Methods and concepts of solid state physics and 
chemistry are very useful to the chemist who desires 
an understanding of these processes, and many of 
them can be described quite satisfactorily by means of 
the rudimentary theory of solids. 

We will consider here a few of the phenomena of 
electrochemistry in this way to illustrate the application 
of solid state theory. 

Initially we treat the general electrochemical cell, 
comparing the electronic energy levels in the metallic 
and electrolytic portions of the cell and showing that a 
significant part of the electromotive force arises from 
levels in the metals. We then consider the behavior 
of oxide electrodes to include the growth of oxide 
layers, the rectifying action of tantalum and alu- 
minum oxides, and the polarization and recuperation of 
primary cell ‘“depolarizers.” Cells utilizing solid 
electrolytes are next described. 

Finally, we must illustrate quite a different aspect of 
the connection between electrochemistry and _ solid 
state theory: the use of electrochemical methods in the 
development of the theory itself. This aspect is best 
exemplified by transport number measurements in 
crystals. 


Electronic Levels and Potentials in Cells 


An electrochemical cell is diagrammed, in a general 
form, in Figure 1. Letters indicate different phases. 
The external portion may be a detector, free space,.a 
conductor, or an additional source of electromotive 
force (emf); or it may be eliminated by joining the 
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Electrochemistry of the Solid State 


two sections of A together. For complete generality 
it is not required that A, B, and C be metals, but they 
must be electronic conductors. A is included so 
that the potential difference measured by an external 
detector will be that between two points located in 
media of identical composition (/). Alternatively 
either C or B could replace the two sections of A. 

When the current J = 0, the cell is said to be an emf 
cell only. When J + 0, the cell is both an emf cell 


Figure 1. The generalized emf cell. 
“EXT” represents all parts of the cir- 
cuit external to the cell and leads. 


and an electrolysis cell. The first condition is achieved 
in practice when the external portion is free space, a 
detector of very high resistance, or an opposing source 
whose emf equals that of the cell. 

The emf of the cell arises from potential differences 
across the phase boundaries. The potential difference 
across the A—B boundary, for example, we write as 
e4—z and imply by this notation the change in potential 
passing from A to B. Upon taking the sum of all 
phase-boundary potential differences in the circuit, 
observing that all boundary-crossings must be made in 
the same direction (e.g., counterclockwise in Figure 
1), and adding the emf arising in the external portion, 
we have i 


+ €p_p + ep-c + + Cext. = IR 


where FR is the total resistance of the circuit. If J 
is made zero by adjustment of éext., the emf of the cell 
is given by 


Ccell = —€ext. = €a-B + + €p-c + €c-A 


Now, the potential difference between two metals in 
contact is not altered if a third metal is interposed 
between the two. This is a consequence of thermo- 
dynamic law governing the behavior of electrons in 
metals as will be shown in the next section. Thus 
ec—a + ea—s is just ec—s, and the use of metals other 
than the electrodes for connectors has no effect on the 
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cellemf. Thus we find that the cell emf is 
Ccell = + €p-c + €c-B 


that is, it is composed of the two electrode-electrolyte 
potentials and the contact or volta potential,! which would 
result on bringing the two electrodes into contact. 
Three is the minimum number of phase boundary 
potentials in an electrochemical cell. 

Whether the emf of galvanic cells arises at the metal- 
metal interface or at the sites of electrochemical 
reaction was a question which gave rise to a lively 
controversy lasting well over a century. Volta dis- 
covered the potential difference which bears his name 
in 1797; on separating two pieces of metal which 
had been brought into contact, he found that they bore 
opposite charges. He believed that the contact 
potential between metals was responsible for the emf 
of his voltaic pile. Three years later Ritter found 
that the action of the pile was accompanied by chemical 
changes, which he concluded were the cause of the emf. 
For many years the Peltier emf was confused with the 
contact potential; when it was shown by LeRoux 
in 1866 that the Peltier emf was small, most chemists 
were convinced that Ritter was substantially correct. 
However, both Kelvin and Helmholtz argued correctly 
that the Peltier emf was not equal to the contact 
potential, V, but rather to T(0V/OT). Kelvin (2) 
supported the contact theory of Volta and devised 
a way to measure contact potentials directly. Un- 
fortunately, all early measurements were subject to 
serious errors from surface contamination; the reality 
of a sizable contact potential was as doubtful as ever. 
Not until experiments were carried out with metals 
having really clean surfaces in high vacuum could it be 
proven that the contact potential was indeed a signif- 
icant part of, but not solely responsible for, the emf 
of electrochemical cells. The account of this historic 
dispute was reviewed by Langmuir (3) shortly after it 
was finally settled. 


The Contact Potential 


The contact potential between two metals, which 
we have seen is one of not less than three phase- 
boundary emf’s, arises from differences in electronic 
levels in the metals. Metals contain nearly free 
electrons, which occupy a set of closely spaced energy- 
levels. Because of the Pauli principle, there can be 
only two electrons (one of each spin) in each level in a 
given sample of metal. The levels are filled from 
the lowest level upward until the electrons are ex- 
hausted. The occupancy of levels is governed by the 
Fermi-Dirac statistics; at room temperature éssentially 
all the levels up to a quite definite energy (the Fermi 
energy) are filled, and those above this energy are 
empty’. Figure 2a depicts the situation in two metals 
before being brought into contact. Ey denotes the 
Fermi level in each case. Upon contact, electrons 
flow from the higher levels in metal P into C, equi- 
librium being established when the new Fermi levels 


1 These are actually potential differences; when the meaning is 
clear from the context, the term potential is usually used. 

2 Actually there is a narrow energy range within which the 
occupancy falls from one electron per level to none. The energy 
at which the probability of occupancy is 0.5 is the Fermi energy. 
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become equal. The Fermi energy can be shown to be 
the electronic chemical potential, so that it is clear that 
Figure 2b represents the equilibrium situation. As 
a result, metal B is charged positively with respect to 
C; the electrical double layer gives rise to a potential 
difference. Its magnitude is just the difference in 
original Fermi energies per electron. 

It is now clear why we were able to replace ec_4 + 
ea—B by €c—zs. Writing the contact potentials as the 
differences between Fermi levels of the metals before 
contact, we have 


ec-a + ea-p = Ep, — Er, + Erg — Ev, = Erg — Evo = ec_3 


B Cc B 


c = E 
f +- 
E 7. 
a b 


Figure 2. Electronic levels in two metals (a) before contact and (b) after 
contact. Work functions, ¢, are shown in (a). 


The energy at the Fermi level, relative to the energy 


_of an‘electron at rest in a vacuum outside the metal, is 


given by the work function, ¢. Figure 2a shows that 
ec_p = Er, — Ero = oc — 


where ¢, as is customary, is measured in a positive direc- 
tion from the Fermi level to the vacuum level. Ex- 
perimentally, contact potentials are found either by 
taking the difference between work functions, or by 
direct measurement (/, 4). At present, the work 
function of a metal is often measured by directly 
determining its contact potential against a metal of 
accurately known work function, usually tungsten. 
Table 1 compares the standard emf of several ¢ells 
with the contact potential of-thetwo metal electrodes. 


Table 1. Cell emf and Contact Potential for Certain Pairs 
of Metals (in volts) 


at Work function,° Contact 
25° Le 


Cell t Right potential¢ 
CulCutt||Ag*|Ag 0.46 4.5 4.3 —0.2 
Zn\Zn*+*||Hg**;Hg 1.62 3.7 4.5 0.8 
Na|Na!|H* Ho, Pt 2.71 2.3 4.24 1.9 
0.04 4.4 3.9 —0.5 


* Neglecting liquid junction potential. 

> Average of values tabulated by MicuaE.son, H. B., J. Appl. 
Phys., 21, 536 (1950) except for Pt. 

© Negative sign indicates contact potential is opposed to 

* For Pt with adsorbed H, Oatiey, C. W.(4). Oatley gives 

for clean Pt, ¢ = 5.4. There is considerable disagreement be- 
tween published values. 


It is clear that the contact potential is a considerable 
part of the cell emf in these cases, many times acting in 
the same direction as the cell emf but not infrequently 
opposed to it. The strongly electropositive elements 
have low work functions; their highly negative stand- 
ard electrode potentials are due largely to this cir- 
cumstance. For other metals there is not a close 
correspondence between work function and standard 
electrode potential, as solution-metal boundary po- 
tential differences are often sufficient to obscure the 


ats 


contact potential of the metal against platinum. 
The variation of potential in the cells 


Na | Na*|| H+ | Hs, Pt® and Fe | Fe+*|| Cd+* | Cd 


both equipped with copper leads, is shown in Figure 3. 
Note that sodium, which is considered to be the nega- 
tive electrode, is strongly positive with respect to the 
copper wire connected to it. The effect is to make this 
copper wire negative with respect to the wire attached 
to the platinum electrode. The potential of the solu- 
tion, with respect to the electrodes, is not known 
accurately. It may be estimated from measurements 
of the potential of the dropping mercury electrode at 
the electro-capillary maximum, and lies at about the 
position shown by the dotted line in the figure. The 


Pt 
d 
= = sol'n 
~ 
E cy 
Cu 
Cu Ccell 


Figure 3. Potentials in two emf cells. e, = Contact potential difference 
Pt — Na. e2 = Contact potential difference Cd — Fe. 


combined potential differences between the solutions 
and the two metals render platinum 0.8 volt more 
positive than sodium. It will be noted that in the iron- 
cadmium cell, the contact potential acts in such a 
direction as to make the right-hand copper wire 
negative, whereas the combined potential differences 
at the solution-metal boundaries are sufficient to over- 
come the contact potential and render the right- 
hand copper wire 0.04 volt positive with respect to the 
left. 

A further consequence of importance concerns the use 
of the hydrogen-platinum electrode as a_ primary 
standard. The standard electrode potential of every 
electrode contains the contact emf of that electrode 
against platinum which has been saturated with 
hydrogen. When we compute cell emf’s by taking the 
difference in potential of two electrodes, the Fermi 
energy of platinum is cancelled, and we are left with the 
contact emf for the junction between the two elec- 
trodes themselves (plus the solution-metal potential 
differences). Thus, although we might expect a 
different set of standard electrode potentials if a 
reversible hydrogen electrode using a metal other than 
platinum were chosen as a reference standard,‘ -cell 
emf’s would be unchanged. 


3 This cell cannot, of course, be realized in the standard state 
due to direct chemical reaction. 

‘It is not clear what effect the change of metal would have. 
If the boundary between hydrogen gas and platinum behaved as 
a metal-metal boundary with respect to contact emf, substitu- 
tion of another metal for platinum would not alter the standard 
electrode potentials. This, however, is unlikely. No experi- 
mental test can be made, as no other hydrogen gas electrode is 
even approximately reversible. 


Levels in lons and Solvent 


It is instructive to consider what levels exist for 
electrons in the ions and solvent comprising the 
electrolyte. Although the electrolyte is generally a 
liquid, we may profitably consider an electrolyte as the 
approximate analogue of an insulating solid having 
localized levels in the band gap, taking account, where 
necessary, of the high degree of mobility of ionic 
carriers in the liquid state. It is the transfer of 
electrons from the Fermi level in the electrodes to 
localized levels in the electrolyte (or vice versa) that 
accounts for the potential differences es—p and ep—c of 
the previous section. 

We may assume that the Fermi levels of the elec- 
trodes lie too far below the conduction levels of the 
electrolyte for electrons to be transferred from the 
electrodes to the electrolyte, and too far above the 
valence levels of the electrolyte for transfers in the 
reverse direction, which would result in hole con- 
ductivity. The charge transfer only takes place by 
means of electrochemical action. 


Oxide Electrodes 


Oxide electrodes constitute a particularly interesting 
class of electrochemical cell components, since electronic 
and ionic transport both may make important contri- 
butions to electrode processes. 


Growth of Oxide Layers 


The formation of oxide layers on the metals alu- 
minum, tantalum, titanium, tungsten, and zirconium is 
important in the technology and theory of electrolytic 
condensers, rectification, metal finishing, and corrosion 
prevention. When aluminum (for example) is made 
the anode in ammonium borate solution, an adherent 
resistive layer of aluminum oxide grows to a thickness 
limited by the applied voltage. Above about 600 
volts dielectric breakdown occurs; at this voltage the 
film has reached a thickness of a few thousand ang- 
stroms. 

Al.O; is essentially an insulator; howeyer, electronic 
conduction occurs and at sufficiently high fields Al+*+* 
ions contribute to conduction. In fact, the layer could 
not grow, once it had been started, were it not for 
ionic transport through the layer. 

Charlesby (5) applied a theory first proposed by 
Mott (6) to account for the oxidation of aluminum in 
air. Experimentally, the ionic current density 7+ 
in the layer during electrolysis depends on the field, 
F,as 


= Ae®F 


where A and B are constants. Mott considered that 
the ion had first to surmount an energy barrier of 
height U and half-width a in order to pass from the 
metal into the oxide. This leads to the following 
relation between the ionic current density and the 
field, as can be observed by noting the effect of the 
field in Figure 4: 


i, = Nvg exp {(agF — U)/kT} 


Here N is the number of ions per cm? situated next to 
the boundary, v the vibrational frequency, q the 
charge on the ion, k Boltzmann’s constant, and T 
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the absolute temperature. This equation may be 
identified with the empirical result for electrolysis by 
making the substitutions 


Nvq exp (—U/kT) = A and ag/kT = B 


From the empirical values of A and B and reasonable 
estimates of N and », U turned out to be about 1.6 
ev and a about 3 A. Since at least part of the oxide 
was y-Al,O3, which has one vacant cation site for 
every 8 cations, it is not likely that any considerable 
activation energy would be required to put the Al+++ 
ion into the oxide; therefore the barrier probably 
represents activation energy required to extract the 
ion from the metal. 
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Figure 4. Effect of field on activa- 
tion energy for removing ion from 
metal to oxide. 


The layer thus grows, not at the metal, but at the 
oxide-solution interface, where Al+++ ions and hydrated 
oxide ions neutralize each other. Electronic con- 
ductivity in the oxide is unimportant for this process.® 

Vermilyea (7) concluded that the Mott-Cabrera 
theory did not apply in the case of the anodization of 
tantalum. The growth of oxide films on zirconium 
has been studied by Johansen, Adams and Van Rys- 
selberghe (8), and by Young (9). 


Rectification 


Many attempts have been made to account for the 
rectifying action of oxide films on tantalum and 
aluminum electrodes but as yet no satisfactory theory 
has evolved. The resistivity of the films is much less 
when the electrodes are cathodes than when they are 
anodes. Early theories were largely based on the 
porosity of the films to H+ and OH™ ions; the H* 
ions were supposed to pass quite freely through the 
film to be discharged on the metal when a cathode. 
When it was the anode, OH~ ions could not easily pass 
through the film to be discharged, nor could electrons, 
and Al+++ ions could not pass out toward the solu- 
tion. A theory of rectification applying the band 
concept of solids, was recently proposed by Smith (10). 
This scheme applies to a voltage range below the 
formation voltage of the film, so that ionic conductivity 
may be neglected in comparison to electronic. During 
passage of current in the “forward” (easy) direction, 


5 It must be remarked, however, that in the oxidation of 
aluminum in air, electrons must penetrate the oxide, passing 
from the Fermi level of the metal into oxygen levels, thus estab- 
lishing the field in which the ions then move, according to Mott’s 
theory. 
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holes are injected into the valence band from H+ ions 
in solution; in the “reverse” direction, current is 
carried by electrons injected into the conduction band 
from OH~ ions. The rate of electron injection, with 
the production of O., was presumed to be much less 
than the rate of hole injection, so that reverse current is 
much smaller. The rectifying properties of a germa- 
nium-solution interface have been so explained (11). 

However, more recent experiments by Smith (/2) 
and others (9, 13) in which the roughness of the metal 
surface has been varied, seem to indicate that the 
rectifying properties are closely related to the oc- 
currence of structural defects such as voids, channels, 
and inclusions, in the films. Just how such defects 
give rise to rectification is unknown. 

It must be concluded that the cause of rectification in 
oxide films is still uncertain. 


Oxide Cathodes in Cells 


The cathodes (positive electrodes) of most useful 
voltaic cells are oxides of metals in one of their higher 
states of oxidation; the most common are MnOs, 
PbO, and Ni.O;. These oxides are still referred to as 


‘depolarizers, because of the idea, prevalent at one 


time, that hydrogen gas was the product at the cathode 
and was depolarized by the action of the oxide. The 
three oxides named, and others which show some promise 
as cathode materials, are all semiconductors. The 
reduction of the oxide during discharge therefore must 
take place at the interface between the oxide and the 
electrolyte, not between the metal or carbon used as a 
connector and the oxide, since the field in the semi- 
conductor is too low to cause appreciable ionic mi- 
gration. 

As current is drawn, oxide cathodes undergo a 
progressive loss of electrode potential (polarization) ; 
on disruption of the current the potential rises rapidly 
at first, and then more slowly toward the initial value 
(vecuperation). This process is quite marked in MnOs., 
and affects the closed circuit voltage, intermittent-use 
voltage, and capacity of the common dry cell operated 
under various conditions of load and rest. The 
polarization and recuperation processes in MnO, 
will be described in some detail because of their im- 
portance in technology and because of the amount of 
study which this electrode has received, but it must 
not be assumed that processes which occur in MnO, 
are necessarily characteristic of oxide cathodes in 
general. 

There is good evidence (14) that the principal re- 
action cccurring during the discharge of MnOz, pro- 
vided the electrolyte pH is not excessively low nor the 
current density too high, is 


MnO, + H+ + e = MnOOH 


Further, it is of course to be expected that the potential 
of MnOOH is less positive than is that of MnO, in the 
same electrolyte; in fact Johnson and Vosburgh 
(15) studied the potential of electrodes made by mixing 
and sintering MnO, and MnOOH and found that they 
followed, at 25°C, the equation 


E = Ey + 0.07 log & ae 


where N = mole fraction, and EZ, is the potential for 
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Nunoz = 0.5. The multiplier 0.07 differed somewhat 
from the theoretical value of 0.059, probably due to 
departure of the sintered mixture from an ideal solid 
solution. 

However, the lattices of MnO. and MnOOH are 
sufficiently similar that incorporation of a proton on 
every second oxygen does not involve much distortion. 
As the electrode is discharged, protons are brought into 
the MnO», and neutralized by electrons which move 
through the conduction band. If these protons are 
unable to diffuse into the bulk of the oxide the surface 
will soon correspond to the composition MnOOH, 
and the potential will fall to that characteristic of the 
oxy-hydroxide. However, if the protons, accompanied 
by electrons moving through the conduction levels, are 
able to diffuse away fairly rapidly the potential will not 
fall so rapidly. In addition, on discontinuing the cur- 
rent, the diffusion of protons away from the surface will 
cause the potential to rise again toward, but never 
completely to, the initial value. 

This mechanism is sketched in Figure 5. The 
observed polarization and recuperation follows a 
curve such as A of Figure 5. Recently (14), it was 
found possible to reproduce the essential features of 
this curve by assigning arbitrary, but reasonable, 
values to the current density and the diffusion coef- 
ficient for protons, and calculating the electrode 
potential as a function of discharge time and recovery 
time with the aid of diffusion theory. B is the curve 
so calculated. It appears likely that, at least in the 
case of MnO:, a high diffusivity of protons as well as 
high electron mobility is necessary in order that an 
oxide cathode is to be free from objectionable polari- 
zation, and recuperate rapidly after cessation of current. 
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Figure 5. (a) Mechanism of polarization and recuperation of MnO2. (b) 
Line A = observed polarization and recuperation (discharge stopped at 
900 sec), after Ferrell and Vosburgh (16). Line B = calculated polari- 
zation and recuperation. 


Solid Electrolytes 


The most direct application of solids to electro- 
chemistry is in the development of cells having crystal- 
line electrolytes. Such cells are dry cells in the strictest 
sense. Several schemes for high-temperature fuel cells 
have been devised in which the electrodes are oxides of 
iron or nickel and the electrolyte is a solid carbonate or 
vitreous “solid” through which transport is usually by 
sodium ions. The internal resistance is high, however, 
even at high temperature, and since the primary pur- 
pose of fuel cells is power generation, this presents a 
serious obstacle in the way of eventual application. 


There are, however, some distinct advantages to be 
obtained from the use of solid electrolytes in cells and 
batteries. Size and weight can be drastically reduced, 
and shelf-life increased to as much as 20 years. Since 
the internal resistance is high at ordinary temperature, 
application must be limited to drain of less than one 
microampere; this is, however, a common application 
in transistorized circuits. Coupled with the increased 
life, whether under load or not, and capability for 
miniaturization, solid electrolyte cells are sure to see 
increased development and use in missile devices. 

Consider, for example, the Ag|AgCl|Cl. cell (17). 
Figure 6 is a schematic diagram of such a cell. The 
AgCl solid electrolyte is formed on the inside of a silver 
outer can (negative) by treating with Cl, for 30 minutes 
at 200-300° C; the coating is then only a few microns 
thick. The positive material is a mixture of KICh, 
carbon, and grease. KICl, provides Cl, at a low pres- 
sure, the carbon provides electrical contact to the 
tantalum lead-wire, and the grease serves as a binder. 
The top of the can is sealed tightly with teflon. 
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Figure 6. Solid-electrolyte primary 
cell. 


Solid AgCl conducts by migration of Agt* ions 
present (18) as Frenkel defects, but at room tempera- 
ture the number of defects and their mobility is ex- 
tremely low. The internal resistance of a cell made as 
described above is about 10° Q, and the open circuit 
voltage is 1.04 volt. Weininger (/9) has described 
a similar cell in which the electrolyte is a-AgI, the modi- 
fication stable above 147° C. The conductivity of 
this salt is exceptionally high, since the number of 
available Ag* sites in a unit cell greatly exceeds the 
number of Ag+ ions, so that the ions move readily with 
no requirement for generation of vacancies by thermal 
energy. The normal operating range is of course 
limited to temperatures above 147° C. 


Transport Numbers in Crystals 


As an illustration of the application of an electro- 
chemical technique which has contributed a great deal 
to the understanding of ionic crystals, we conclude by 
reviewing the determination of transport numbers in 
solids. In the first place, such numbers are important 
because they tell whether conduction is electronic or 
ionic. If the sum of all ionic transport numbers is 
accurately unity, conduction is electrolytic; if it lies 
between zero and unity, conduction is partially elec- 
tronic. If all ionic transport numbers are zero, 
conduction is electronic. 

The following method is chiefly due to Tubandt and 
his colleagues; it can be seen to be an adaptation of 
the familiar Hittorf method, with the modification 
that the “electrolyte compartments” are individual 
crystals and that mass changes instead of concentration 
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changes are measured. Figure 7 represents a simplified 
form of the experimental arrangement used by Tubandt, 
Rindtdorff and Jost (20) to determine transport 
numbers in cuprous iodide. The total charge passed 
was measured by means of a silver coulometer. After 
electrolysis the cathode and A were weighed together,® 
and B, C, and the anode were weighed separately. 
Table 2 gives the results of experiments at two tem- 
peratures. 


‘Table 2. Transport Numbers, n, in Cuprous lodide 


Agde- Cu 
Temp. posited, equiv., 
°C (8) (g) Change in mass, (g) Me 


306 0.0581 0.0342 Cathode +A: 0.0110 0.315 0.000 0.685 
B: 0.0000 


C: 0.0000 
Anode: —0.0110 
400 0.1168 0.0688 Cathode +A: 0.0689 1.000 0.000 0.000 
B: 0.0000 
C: 0.0000 
Anode: —0.0689 


At 400° the current is essentially entirely elec- 
trolytic, and Cut ion is the charge carrier. If I- 
contributed to transport, crystal C would gain in mass. 
At 306°, where the ionic mobility is much less, elec- 
tronic conductivity is relatively of more importance; 
Ne, the electronic transport number, here is 0.685. 
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Members of the Chemistry Club at Wisconsin State College, Superior, were 
dissatisfied with the periodic charts which hung at the front of the Chemistry 
classrooms. As a result, the side of the Science Building recently blossomed 
out with what club members believe is one of the largest (if not the largest) 
periodic charts extant. The 2-foot letters were cut from white paper and taped 


to the inside of the windows. 
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Gcesicte are relying more and more on 
computers to solve problems which tax human patience 
and human capability. But another fact about chem- 
istry and computers is less generally known: Computer 
manufacturers are relying increasingly on chemists for 
solutions to certain problems related to computer de- 
velopment. These problems involve not so much a set 
of requirements determined by present computer needs 
as a series of open questions raised by future computer 
possibilities. Research in chemistry could conceivably 
improve computers, and might revolutionize them; 
but the search itself serves a more general purpose as 
it uncovers new information and encourages awareness 
of scientific interdependence. 

To those of us in research, this interdependence is 
obvious and urgent now; more general recognition of 
this fact will eventually help industry as much as it 
helps science. Progress in science and technology de- 
pends on common efforts by chemists, physicists, and 
other scientists in laying claim to the ‘“‘no man’s land” 
where the different sciences overlap and where any one 
science alone is inadequate. Common efforts among 
scientists are under way, as evidenced by news of inter- 
disciplinary conferences and cross-disciplinary publica- 
tions. Such efforts may be seen in current computer 
research. 


Computers in Chemical Research 


Consider first, by way of introduction, the more 
familiar side of the subject—the role of computers in 
chemistry. Computers help the chemist in two dis- 
tinct ways: They save his time in solving relatively 
straightforward but tedious problems; and they enable 
him to attack new problems too complex for solution by 
other means. A look at some typical problems of each 
kind will suggest some reasons for the chemist’s ap- 
preciation of computers. 

Fitting a line to a number of points by the least 
squares method—a relatively trivial yet common kind 
of problem—involves calculations which are highly 
repetitive but almost exorbitantly time-consuming 
without mechanical assistance. Even with a desk 
calculator, hours of work are necessary. But with a 
computer, the answer is available almost immediately. 

Another example: Computers have made numerical 


analysis a practical way of handling the integration of . 


Presented to the California Association of Chemistry Teachers, 
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The Role of Chemistry in Computers 


differential equations. In physical chemical problems, 
one can often write a differential equation describing, 
for instance, the successive rates of reaction of a poly- 
merization mixture; but the integration of the equation 
rapidly becomes unmanageable, and one must make 
approximations to reach a solution. Attempted man- 
ually, these approximations involve a lengthy process; 
but numerical analysis, performed mechanically, can 
find the shape of the curve with relative speed and ease. 
To accomplish this, the computer requires only the 
boundary conditions for the problem and the incre- 
mental step, AX, to be evaluated numerically. The 
AX chosen may be so small that even a fast computer 
cannot quickly solve the problem to the degree of pre- 
cision desired; but in principle, numerical analysis is 
always possible. 

Computers also make possible the solution of new 
kinds of problems, as in X-ray crystallography, where 
the application of computers to chemistry has been 
most successful. X-rays of known wavelength, sent 
through a crystal, are diffracted by the ordered atoms 
which act as a three-dimensional diffraction grating. 
When the rays reach a photographic plate or film posi- 
tioned behind the crystal, a diffraction pattern of the 
crystal is visible in the form of spots of varying in- 
tensity. Any experimental technique used to detect 
the X-ray diffraction pattern from a crystal determines 
the intensity of a diffracted spot. The intensity ob- 
served at each spot is related to the sum of the diffracted 
waves from various atoms in the crystal, reaching that 
spot with various positive and negative amplitudes 
(i.e., phases). Since the intensity of a wave is the 
square of the resultant wave amplitude, the sign of the 
wave (negative or positive) is lost in the experimental 
determination of intensity. Without this information 
it is not possible to deduce the structure of the crystal 
from the diffraction pattern. 

The ability of the X-ray crystallographer is taxed to 
the utmost at this point. He must now assume, by 
induction, a “reasonable” atomic structure for the 
crystal. With the computer, he then simulates the 
X-ray diffraction pattern that would be produced by 
the assumed crystal structure and compares the sim- 
ulated diffraction pattern with the actual pattern. By 
a series of such successive approximations, discarding 
erroneous assumptions, the actual crystal structure is 
obtained. 

To help him make these “reasonable” approxima- 
tions, the X-ray crystallographer incorporates a 
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“heavy” atom in the crystal structure whenever pos- 
sible, since it scatters the X-rays much more effectively 
than the other atoms can and thus produces easily 
identifiable spots in the diffraction pattern. These 
spots are all assigned the same phase relationship; 
and then it is materially simpler to determine a probable 
structure and to make reasonable approximations. 
With this technique, it has become possible to determine 
a structure as complex as that of vitamin By with more 
than sixty carbon atoms and one (heavy) cobalt atom. 

More recently, however, the X-ray crystallographer 
has begun to enlist the computer even in the work of 
making the necessary reasonable approximations. That 
is, the computer can be used to make a statistical anal- 
ysis of spot intensities and to correlate the intensities 
with the respective atoms of differing atomic number 
assumed to be present, and possibly with their wave 
phase. 

With these computer techniques, it may be possible 
in the future to determine the structure and configura- 
tion of almost any polymer or protein. Biophysicists 
are becoming increasingly aware that the spatial con- 
figuration and the chemical structure of a particular 
protein are equally important in biological processes. 
Since X-ray crystallography determines both structure 
and configuration, it is a powerful tool for the biological 
sciences. 

As these examples suggest, many chemists who have 
no direct contact with computers are nevertheless 
aided in their work by data obtained through various 
applications of computers to chemistry problems. 
It is obvious that computers relieve the chemist of 
drudgery and enable him to learn more than he once 
thought he could know. And appropriately enough, 
some of the very facts the chemist is learning with the aid 
of computers may be applied directly to the improve- 
ment of these machines. 


Chemical Research for Computers 


Historically, computer development has not de- 
pended heavily on chemistry. Mechanical, electrical, 
and electronic engineers have successively taken the 
lead in designing increasingly complex business ma- 
chines, with no more than marginal help from chemists. 
As the machine technology advanced from the manual 
key punch to the digital computer, and as the business 
market broadened to include general purpose data 
processing equipment, certain trends became apparent 
in the kind of improvements required by the customer 
and produced by the manufacturer. The changes gen- 
erally increased the speed of machine operation to 
handle vast computations within reasonable times, 
without raising power consumption or lowering me- 
chanical reliability. In recent years, the emergence 
of electronics provided the principal basis for these 
improvements in speed and capacity. 

The single event most responsible for drawing chem- 
istry into participation in computer research was the 
introduction of the transistor, which marked a major 
change in computer development and in technical prog- 
ress generally. Faster, more compact, and requiring 
less power than the vacuum tube it replaced, the tran- 
sistor recommended itself strongly to computer manu- 
facturers. This solid state device made it theoretically 
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possible to increase the speed and complexity of com- 
puter operation while decreasing the size of the ma- 
chines. 

This possibility led to intensive study of the semi- 
conductor materials from which transistors are made. 
Computer research staffs were enlarged to include 
new specialists: Physicists and chemists analyzed semi- 
conductors to determine their potential advantages and 
to furnish facts necessary for the actual manufacture 
of transistors for computers. 

To describe semiconductors theoretically, the solid- 
state physicist explained that the electron gains energy 
from heat or light, and jumps ‘“‘quantum-mechanically”’ 
into a conduction band, leaving a “positive hole.” 
But in addition to the theoretical description, experimen- 
tal preparation of semiconductors was required; and this 
demanded a different and complementary approach: 
the chemist’s view of the chemical constituents, and 
their arrangement, in semiconductors. The physicist 
had to learn chemistry and the chemist had to learn 
physics, so that they could specify and prepare materials 
with the required number of excess “‘holes”’ or electrons. 
Figure 1 shows such a configuration, demonstrating 


the meaning of a “‘hole.”’ 
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Figure 1. Chemical configuration of a hole in germanium. When indium 
is substituted as an impurity into a germanium lattice site, only three co- 
valent bonds are formed to the adjacent germanium atoms. The fourth 
germanium valence electron has no indium electron (indicated by dotted 
open circle) with which to pair, because indium has only three valence 
electrons (shown by open circles). The resulting electron lack “resonates” 
(as shown by dashed arrows) among all the germanium-indium bonds. 
When an electron migrates from an adjacent pure germanium site, all 
four germanium atoms are fully bonded to the indium atom, producing a 
net negative charge on the indium site and a net positive charge (hole) 
in the germanium lattice. 


As transistors have proved their value in computers, 
the increased study of semiconductors which resulted 
has firmly established the importance of chemistry, 
along with physics and quantum mechanics, in com- 
puter research. Physical chemists and X-ray crystal- 
lographers have been enlisted to study diffusion proc- 
esses of micro-quantities of impurities in host semi- 
conductor materials, and to grow and characterize 
crystals with such impurities to test the theoretical 
assumptions about them. 

Transistors may have dramatized the emergence of 
chemistry as an active force in computer development, 
but semiconductor analysis is by no means the only 
assignment for chemistry in computer research. The 
current knowledge and methods of chemistry are also 
being applied to other materials and processes im- 
portant to computer manufacturers. For example, 
photographic methods of handling data in computers 


- are being considered and explored: Chemists are study- 


ing various photosensitive materials which might be 
incorporated successfully in data processing equipment 
for the entry, storage, and retrieval of information. 
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Data processing equipment could handle more in- 
formation more rapidly if the computer memory units, 
where the information is stored, could be made more 
compact and more efficient. It has been known for 
some time that a photo-optical memory unit is the- 
oretically possible, and that such a memory could 
surpass a magnetic unit in storage capacity. But pres- 
ent photo-optical memories are limited in that they 
are not reversible; tnat is, information cannot be 
changed once it is placed on the photosensitive medium. 

Reversibility is not necessary in some applications, 
or is even undesirable; in such cases a non-reversible 
photosensitive material is acceptable and might be 
preferable. The translating machine developed at 
IBM, for example, stores an entire Russian dictionary, 
including idioms, in coded form on a 10-in. disk coated 
with a silver halide emulsion. In this application, 
where the information to be ‘‘remembered” by the 
unit is a long list, relatively permanent in content and 
arrangement, high-density storage is desirable for 
machine economy; non-erasability ensures the desired 
degree of permanence; and delayed processing is no 
particular disadvantage, since the list is seldom changed. 

In other applications for a photosensitive memory 
unit, however, delayed processing may be a disad- 
vantage. In connection with the problem of processing 
new entries to a memory unit during computer opera- 
tion, we at IBM have recently studied the photoioniza- 
tion of a triphenylmethy] leuconitrile. This photo- 
chemical reaction has possible relevance because it 
produces color on irradiation alone, and thus might be 
a suitable medium for data storage ina computer. Our 
detailed study of the mechanism of this photochemical 
activity located certain controlling factors, and found 
some variations in the reaction: Under certain condi- 
tions, for example, fluorescence rather than photo- 
ionization takes place. 

In the search for reversible photosensitive materials, 
another direction is being followed by the National 
Cash Register Company, whose chemists have de- 
veloped the photosensitive spiropyrans shown in Figure 
2—organic compounds which are bistable under irradia- 
tion by two different wavelengths of light. The use- 
fulness of these compounds is limited by the fact that 
degradation products from the photochemical side 
reactions eventually interfere with reversibility; but 
in applications where only a few reversals are required, 


these compounds may be ideal. 
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Figure 2. Spiropyrans. 


Experiments reported at General Electric suggest 
that thermoplastic tape, which works on the simple 
principle of electrostatic attraction, might provide a 
reversible medium for data storage in computers. 


Their chemists prepared tape from a thermoplastic 
polymer such as polystyrene, charged selected areas 
of the tape with electrons from an electron beam, and 
then heated the tape. They found that electrostatic 
forces cause the material to deform under surface ten- 
sion forces, leaving an erasable record of the electron 
beam. 

These examples of current activity may seem to 
suggest that the chemist’s present goal is to produce 
materials which could replace magnetic materials. If 
this were the only goal, the effort would be wasted. 
Rather we are examining broadly the several ways in 
which electromagnetic radiation affects materials. 
Magnetic fields interacting with ferromagnetic materials 
represent only one possible type of interaction. The 
study of the interaction of light with matter has already 
been mentioned to show that potentially useful proc- 
esses may develop from this kind of basic investigation. 
It is true that the photosensitive materials developed 
so far cannot match all the capabilities of magnetic 
materials. They cannot be reversed as often or as 
rapidly; but they have other properties that magnetic 
materials do not possess. For example, photosensitive 
materials can store not only digital information but also 
photographic information; and there are numerous 
applications in which this ability would be useful. 

Each material has its own unique advantages and 
disadvantages; it is necessary for the chemist to 
investigate these interactions to uncover all the sig- 
nificant variations. This area is one where physics and 
chemistry overlap strongly, and this fact again points 
up the need for inter-science cooperation. 

Chemical research is attacking other problems: If 
we want to make smaller holes in accounting cards, we 
must understand the problems of dimensional stability 
of paper under varying conditions of humidity. If we 
want to specify a good magnetic ink, we must under- 
stand colloidal suspensions. If we want to make thinner 
and more uniform magnetic coatings on drums and disks, 
we must understand the mechanism of electroplating 
and the interaction of a pigment with its binder. If we 
want computers which are more sophisticated and more 
compact, we must—as we have seen—understand and 
exploit the processes of matter at the molecular level, 
which is also the province of chemistry. 

Here again, as in our earlier examples, the chemist 
must work closely with other scientists. This inter- 
dependence is by no means unique to chemistry or to 
computer technology. Wherever the fundamental 
nature and processes of matter are being studied (and 
in this atomic age they are being studied everywhere), 
the old distinctions of separate sciences and separate 
science buildings on college campuses are now un- 
realistic. It is to be hoped that before long the tra- 
ditional departmental division between physics and 
chemistry, for instance, will be abandoned in our 
universities. I believe this change should be recom- 
mended now on the graduate level. The terms ‘‘phys- 
ical chemistry” and “chemical physics” are not semantic 
innovations; they are designations necessitated by the 
emerging facts. The facts, and the interdependence 
they reveal, are not new: The new element is our recog- 
nition of how important they are to our future. 
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Karl L. Lockwood 
Lebanon Valley College 
Annville, Pennsylvania 


oxidation-reduction may de- 
velop a great deal of unnecessary confusion in the minds 
of students if clear distinctions are not made between 
the concepts of stoichiometry and mechanism, as well as 
between valence and oxidation state. 

The methods taught for balancing oxidation-reduc- 
tion equations involve the moving of electrons, the use 
of certain ions or radicals whose identity may be in 
doubt, or the introduction of artificial devices (such as 
the participation of water as hydrogen or hydroxyl 
ions).!_ While these many methods may not be harmful 
for the student to learn, he soon gets the notion that the 
actual reactions follow the paths that he is writing on 
paper; in other words, he develops the idea that he is 
dealing with the actual mechanism of a reaction when, 
in fact, he is merely balancing most oxidation-reduction 
equations stoichiometrically. Stoichiometric equations 
are important for making calculations involving the 
weight relations, and the stoichiometric equation must 
represent the correct net result of all the steps (partial 
- reactions) in the reaction. The mechanisms of the 
steps may or may not be known, or the steps themselves 
may not even be fully identified, but the stoichiometric 
equation does not ordinarily convey the implication of 
mechanism. 

Students should be told clearly what they are learn- 
ing in the initial stages of balancing equations. They 
should be told that in some instances the oxidation- 
reduction equations do tell the correct story about 
mechanism, but that in many cases, these equations 
do not. Perhaps some clear pictures of mechanisms of 
certain simple reactions should be given at the same 
time the mechanics of balancing equations is intro- 
duced. The following examples are given to illustrate 
this point.” 

The reaction of the halogens with base is represented 
as a redox reaction, and it is frequently shown only as 


2 NaOH + Cl, + NaOCl + NaCl 


If the reaction is examined in detail, it may be seen to involve (at 
least) two steps, a nucleophilic attack by the hydroxyl ion on a 


1 Current thinking on these methods has been summarized and 
criticized in these recent articles: Burre.u, H. P. C., J. Coen. 
Epuc., 36, 77 (1959); Yauman, R. G., J. Coem. Epuc., 36, 215 
(1959); and Perkins, A. J., J. Coem. Epuc., 36, 474 (1959). 

2GouLp, Epwin §8., “Inorganic Reactions and Structure,” 
Henry Holt and Co., Inc., New York, 1955. The examples cited 
are from pages 211, 210, and’240, in that order. Others may be 
found throughout the text. 
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Redox Revisited 


chlorine molecule, followed by a simple acid-base reaction: 
H:0:~ + :C1:Cl: ~ H:0:Cl: + :Cl:- 
HOC! + HO- — H.O + OCI- 


Such a presentation might provide a means of introducing such 
terms as “nucleophilic,” “spectator ions,’ relative acid-base 


3 strengths, and so on. 


The widely used reaction of thiosulfate with iodine is 
stoichiometrically balanced as follows: 
2 Na.S.0; + I, NaS.Ocs + 2 Nal 


From the mechanistic standpoint, it is more complicated in that 
it involves several displacements: 


—> O—S—S:I + I” 
| | 
Qo - = 
| 
—> + I- 
C/ | | | 
I oO O 
Tetrathionate 


The simplicity of the stoichiometrically balanced 
equation for the formation of nitrogen and water by 
the decomposition of ammonium nitrite belies its actual 
complexity: 

NH,NO, — N2 + 2 


Its actual mechanism may involve the following path; it leads 


nicely into the mechanisms of organic diazotization reactions: 
NH,*+ + ~O—N=0 — NH; +HONO 
NH,*+ + HONO — H.tONO + NH; 


+ 
HN:N=0 + H,0 
H;N—N=O + H,0 H.N—N=0O + H;0+ 
H.N—N=0O = HN=N—OH (Tautomeric Shift) 
H;O* + — + HN=N—OH, 
H—N=N—OH, — H;0+ + N=N 
It is recommended that the teaching be carried one 
step further, to the point of saying that balancing these 
complex equations, by whatever is the chosen method 
in the hands of the teacher, is purely an algebraic proc- 


ess, and that one method is as good as another. Per- 
haps several methods ought to be taught to the student 
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to encourage him to think his own way through several, 
thus to see that the process is purely a mechanical one. 
Ultimately, he should be encouraged to choose that 
method which seems shortest and most efficient to him. 


To avoid the confusion between stoichiometry and 
mechanism, an attempt has been made to teach the 
balancing of equations by a purely artificial method, 
carried to the furthest extreme. The concept of “‘oxi- 
dation state” or ‘‘oxidation number” has been exploited 
for this, and all reference to the gain or loss of electrons 
is avoided. The method has a great deal of similarity 
to the so-called “‘valence-change”’ method, because this 
seems to be among the shortest of the conventiona! 
methods. Oxidation is defined simply as an increase in 
oxidation state or a gain in positive oxidation number. 
Reduction is a decrease in oxidation state or a loss in 
positive oxidation number. This seems to avoid the 
frequently confusing notion that oxidation is a loss of 
electrons but an increase in oxidation state. 


In the use of this method, a great deal of effort is 
made to make a distinction between “valence” and 
“oxidation state.”” Valence is defined as the total num- 
ber of bonds which an atom, ion, or group demonstrates 
to other atoms, ions, or groups, ina compound. Itisa 
number arrived at simply by counting bonds, and it is 
intimately related to structure. It is the classical 
“combining power” of an atom and, in contrast to oxi- 
dation number or state, has the greater physical reality; 
and it really is ‘combining capacity” since valence has 
nothing to do with ‘‘power.”’ 

Oxidation number or state is simply the number ob- 
tained when a set of arbitrary rules is applied to a given 
situation. The principal use of the oxidation number, 
aside from the classification of reactions as to type, is in 
the balancing of equations and, as long as the rules are 
followed, a stoichiometrically balanced equation results. 
A teacher should not be reluctant to calculate the oxi- 
dation number of Fe in Fe;0, as 22/3, or of S in Na2S,Og 
as being 2'/2. These strange values for the oxidation 
number arise simply because the value is an average 
value per atom and does not account for structural dif- 
ferences between two or more like atoms in a given 
compound. A good example to illustrate this is am- 
monium nitrate. If the formula of the compound is 
written NH,NO;, it can be easily seen that the oxida- 
tion number of the ammonium nitrogen is —3, while 
that of the nitrate nitrogen atom is +5. However, 
writing the formula of the compound N.H,0O; leads to 
the average value for the oxidation number of each 
nitrogen +1. 


Establishing Oxidation States 


A rather complex system of rules is proposed for the 
calculation of oxidation states. The list is not as 
formidable as it may seem initially, because not all the 
rules are used continuously, and many are based on 
previous knowledge. 


1. The algebraic sum of the oxidation states of all the atoms 
in a neutral compound must equal zero, or it must equal the elec- 
trical charge on an individual ion. 

2. The oxidation state of all elements in the free state is zero. 

3. When an atom is bonded to an atom identical to it, this 
bond makes no contribution to the oxidation state of either atom. 

4. The oxidation state of the elements of Group I of the 
Periodic Table is +1 in compounds, and the oxidation state of 


the elements of Group II is +2. 

5. The oxidation state of oxygen is —2. Note that oxygen 
ae peroxides has an oxidation number of —1, by application of 

le 4. 

6. The oxidation state of hydrogen is +1 in all its compounds 
except the hydrides, in which it is —1. 

7. In those cases where the above rules cannot be applied 
directly or indirectly, the oxidation state of one element with 
respect to another on a given bond is determined from the rela- 
tive electronegativities of the two elements in question. This 
rule becomes applicable frequently with such atoms as S and N 
in complex organic molecules. 


Examples: 


(The oxidation number of the italicized atom is given in paren- 
theses after the compound) HCIO; (+5); KMnO,(+7); CH, 
(-—4); CH,OH (—2); HCHO (0); CO, (+4); CH;COCH; 
(+2); CH;SO;H (—2 for carbon, +4 for sulfur); Na2S.O; (+2, 
the average value for each S atom). 

Hydrocarbons (where R is attached through a C—C bond): 
RCH; (—3); (—2); RsCH(—1); each carbon atom of 
benzene (—1). 

Derivatives where “‘X’’ is F, Cl, Br, I, OH, O-alkyl, NH2, SH, 
NO,, ete.: RCH2X (—1); R:CHX (0); (+1). 

Olefins: terminal (—2); —CHR(—1); —CR: (0). 

Acetylenes: =CH(-—1); =CR (0). 

Carbonyl compounds: RCHO (+1); RCO (+2). 

Derivatives where “X”’ is F, Cl, Br, I, OH, NH2, SH, O-alkyl; 
RCOX (+3). 

Nitriles: R—C=N (+3). 

Where structure is known, one atom may be singled 
out of a large molecule for calculation of its oxidation 
state. In such cases, it is often convenient to think of 
the contribution of each atom to the oxidation state of 
the polyvalent atom in question. In covalent com- 
pounds these contributions depend on differences in 
electronegativities (rule 7). 

For example, to determine the oxidation state of the 
italicized carbon in CH;CH(OCHs)s, it is convenient to 
consider the pairs of atoms connected to each of the 
four bonds on this carbon. The contributions of the 
four atoms to the carbon in question are fixed by the 
rules or by differences in electronegativities: 


+1 
0 o {-1 
CH; OCH; 
+1 - 


OCH; 


The contribution of the CH;—C bond is fixed by rule 3; 
that of the H—C bond, by rule 6; and that of the two 
CH;0—C bonds by rule 7. The net oxidation state of 
the carbon atom is simply the sum of its “responses” to 
the oxidation states of its four attached groups, +1. 

No attempt should be made to \ssign valences to 
any of these atoms apart from structura! considerations. 
In all the compounds in the list containing carbon, for 
example, the valence of the carbon atoms is 4 (not + 
or —) in spite of the spread in oxidation numbers from 
+4 to —4. 

An important consequence of these concepts and the 
use of such a set of rules is that an oxidation number 
(except those elements in Groups I & II) has no signifi- 
cance apart from some specifically identified compound. 
For example, it is meaningless to say that tht oxidation 
number of sulfur is —2, unless reference is made specifi- 
cally to the sulfides. This is also true of the concept of 
valence. 
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Balancing Redox Equations 


The following steps are suggested for balancing 
oxidation-reduction equations: 


(1) Write the equation showing all the reactants and the prod- 
ucts. 

(2) Find the atoms which change oxidation number. 

(3) Balance the coefficients of the atoms identified in step (2). 

(4) Do not subsequently change any of these coefficients ob- 
tained from balancing the oxidation-reduction involved in 
the reaction. 

(5) Start with the metals at the left and balance their coeffi- 

cients. 

(6) Balance the coefficients of the non-metallic groups which go 
through the reaction unchanged. 

(7) Balance the hydrogen next. 

(8) There should be nothing left except oxygen. The oxygen 
must balance at this point if everything else balances, and 
this step should serve as a check on the work. If the 
oxygen does balance, the equation is correct. 


Examples*: 


(1) KMnO, + HCl — MnCl, + Ck + KCl + H,0 

(2) The Mn is reduced (+7 — +2) the Cl is oxidized (— 1 — 0) 

(3) Since two HCl must always be required to form Cl:, insert 
the necessary coefficient immediately, then calculate 
the changes in oxidation numbers. 


2 (—1) to 2 (0) = gain of 2 units 


KMnQ, + 2 He — MnCl, + de + KCl + H,0 
+7 +2 


| 


loss of 5 units 


The number of oxidation units lost must equal the number 
gained. 


10 (—1) to 10 (0) = 10 units gained 


2 KMnQ, + 10 toh — 2 MnCl, + 5 ie + KCl + H,0 


2 (+7) to 2 (+2) = 10 units lost. 
(5) Balance K and Mn. 
2KMnO, + 10 HCl 2MnCl. + 5Cl. + 2KCl + H.O 


(6) It is now apparent that 6 additional chloride ions are re- 
quired. Since these are not necessary for the oxida- 
tion reduction involved, they are sometimes referred to as 
“spectator ions.” 


(7) 2KMn0, + 16 HCl — 2 MnCl, + 5 Cl + KCl + 8 H,0 


(8) Finally, it is seen that the oxygen checks. 


The next example is given to show how it is possible 
to avoid the use of fractional oxidation states, if this is 
considered to be desirable. 


(1) + FesO, Cro(SOx)s + Fex(SOu)s + + 
20 
(2) Treat the “Fe,” and the “Fe,”’ as groups. Two Fe; groups 
in a “group oxidation state’’ of +8 are oxidized to 3 Fe, 
groups in an oxidation state of +6. (The same result is 
achieved if each Fe is considered to be oxidized from 
oxidation state of +2?/; to +3). Each Cr is reduced, 

+6 — +3; or, each Cre, +12 —~ +6. 


2 (+8) to 3 (+6) = gain of 2 units 
K:CrOr + 2 + H:80, Cre(S0,)s + 3 Fex(80.)s + 
+ H,0 


+12 to +6 = loss of 6 units. 


3 For simplicity, the ionic condition of species will be assumed, 
e.g., KCl must not be thought of as a molecule, but as K+ ion 
paired for stoichlometric convenience with a Cl~ ion 
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(3) By cross-multiplication (note that cross-multiplying by 6 
and 2 followed by factoring gives the same result as mul- 
tiplying by 3 and 1): 


6 units gained 
K:CrO; + 6 + H:80, Cre(S0,)s +'9 + 
6 units lost 


K.SO, + H,0 
(5) Only K remains to be balanced, since step (4) is in effect: 
(6,7) K.Cr.07 + 6 Fe,Q, + 31 H.SO, 
+ 9 Fe(SO,)s + K2SO, + 31 
A recently disclosed equation for the industrial prepa- 


ration of phthalic acid may be balanced in this same 
fashion. 


(1) 
CH; COOH 
+8 + are 
CH; COOH 
(2) Sulfur is reduced (0 — —2). Each carbon atom of the 
methyl groups of the xylene is oxidized (—3 — +3). 


2(-:3) to 2(+3)=12 units gained 


CH3 COOH 
CH, | COOH | 
2 units lost 
(3) 
12 units gained 


CH; 
CH; | COOH 


6(-2)=12 units lost 


Step 5 does not apply. 
(6) Through application of step (4), the H can be balanced only 
by adjusting the coefficient of the water: 


COOH 
ea +68 + + 6HS 
CH; COOH 
(7) The oxygen is seen to be balanced. 
An example for an organic oxidation: 
(1) CH,;CH=C(CH;). + KMnO, 
(a) (b) 


CH;COOK + (CH;),CO+MnO, + KOH + H,0 
(2) The Mn of KMnQ, is reduced, +7 ~ +4. Carbon atom 
(a) is oxidized, —1 — +3 in CH;COOK. Carbon atom 

(b) is oxidized 0 -> +2 in acetone. 


4 + 2=6 units gained 


CH;CH= + CH;COOK + (CH3)2,CO + 
(a) (b) 


3 units lost 
MnO, + KOH + H,O 


(3) 


6.units gained 


CH;CH=C(CHs;)2 + 2KMnO, —> CH;COOK + (CH;),CO + 


6 units lost 
2MnO, + KOH + H,0 


ox 2 


: 
| 
| 
; 
| 
| 
| 


he 


nly 


1,0 


om 


20 


(4,5,6) No hydrogen is available for the formation of water. 


CH,CH=C(CH;), + 2 KMnO, CH;COOK + (CH;)2CO + 


2 MnO, + KOH 
(7) The oxygen is seen to be balanced. 


Equivalent Weights 


The definition of “equivalent weight” is pertinent 
here. At the risk of ignoring the historical implica- 
tions of this term, it is proposed to define equivalent 
weight of an oxidizing or reducing agent as simply the 
formula weight divided by the number of oxidation 
units lost or gained by some atom in the oxidizing or 
reducing agent, respectively. This may have little to 
recommend it besides pragmatic value in the laboratory, 
since it is deliberately devoid of theoretical implication. 


In the above‘examples, the fractions of the formula 
weights which are the equivalent weights are in the 
table: 


Table 1 


Equivalent weight 
reducing agent 


Equivalent weight 
oxidizing agent 


KMn0O, 1/5 HCl 1 
K,Cr.07 1/6 Fe;0, 1 
Xylene 


KMn0Q, CH,CH—C(CH,), 


It should be emphasized that it is impossible to calcu- 
late equivalent weights without knowing the reaction. 


LETTERS 


To the Editor: 


The article of Nyburg and Halliwell, “A Geometric 
Approach to Extensive Properties,” appearing in the 
March issue (38, 123 (1961)] is very interesting and 
enlightening and they are to be complimented upon it. 

It appears to this reader that the (0X/0n;),2. and 
(OX/One)»1 terms on page 125 of the article should be 
transposed. Figure 8 then becomes merely the nm + 
m2 = 1 cross-section of Figure 7, in which m = 2, the 
mole fraction of component 1 (varying from 0 at G’ 
to 1 at H’) and nz = 2, the mole fraction of component 
2 (varying from 0 at H’ to 1 at G@’). In Figure 8, 
2, and 2x2 should then be transposed and A, B, F, and 
E may be replaced by H’, B’, D’, and G’, respectively. 
Then, by the reasoning given, 


= (OX/Om)n2 = BH’, 
= (OX /On2) m D'G’, 


and 


(2) - 
m+ ne = 1 1 On; / nz One] ni 


X may then be obtained as described in the article or by 
evaluating the integral 


Dwicut F. Mowery, Jr. 


New Beprorp INstTITUTE oF TECHNOLOGY 
New Beprorp, MAssacHUSETTS 


Eprror’s Nore: The Editor and the authors regret not 
spotting this inconsistency before publication. Readers also 
may note that one can also transpose x; and 22 in Figure 8 to 
match Figure 7 more closely, but the derivation in the text must 
be altered accordingly. 


¢ 


To the Editor: 


Following the recent description in THIS JOURNAL 
(38, 29 (1961)] by Stearns and Mucci of the use of 
Ba'*™™ to determine the resolving time of a G-M coun- 
ter, your readers may be interested in an alternative 
separation of this nuclide from its parent, Cs'®”, which 
has been in use at this College over the past three 
years. Cesium is strongly and selectively retained 
in acid solution by a pre-formed precipitate of am- 
monium 12-molybdophosphate (AMP). This enables 
a “barium cow” to be set up as follows: 

AMP is prepared by adding 1 ml of concentrated 
nitric acid and 0.5 g of ammonium nitrate in approxi- 
mately 7 ml of distilled water to a solution containing 
6 mg of phosphate ion, as ammonium dihydrogen ortho- 
phosphate. A 3 ml portion of 10% ammonium molyb- 
date solution is then added, and the mixture placed 
in a water bath at 80°C for 20 minutes. The precipi- 
tate is separated under slightly reduced pressure, on a 
Whatman No. 1 filter-paper in a 1-in. diameter de- 
mountable Buchner funnel and washed with distilled 
water. Care is taken to ensure that the AMP (approxi- 
mately 120 mg) is distributed evenly over the filter 
paper. Approximately 10 ml of a solution of Cs'” 
in 2 M nitric acid is then allowed to flow through the 
bed of AMP; cesium is retained while Ba'*™™ remains 
in solution. After allowing a few minutes for growth, 
a further supply of Ba'*"™ may be washed out with 2 M@ 
nitric acid, and assayed with a liquid Geiger counter. 

Such a barium cow will, if kept moist, give a supply 
of Ba!*"™ over many months. We normally use this 
nuclide as an alternative to protactinium-234 to pro- 
vide a demonstration or student experiment on the 
determination of a comparatively short half life. The 
bed of cesium-loaded AMP, immediately after washing 
with acid, may be transferred complete with funnel to 
an end-window type of counter for observation of the 
growth curve of Ba'*™™ in its parent; a gamma-scintilla- 
tion counter is best for this purpose, as it avoids count- 
ing the beta particles of Cs'®. 


R. W. C. BroapBANK 
and R. D. Harpine 


LEIcEestER CoLLEGE OF TECHNOLOGY AND COMMERCE 
LEI!IcESTER, ENGLAND 
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BOOK REVIEWS 


Synthetic Methods of Organic 
Chemistry. Volume 14 


W. Theilheimer. S. Karger, Inter- 
science Publishers, Inc., New York, 
1960. xvi + 549 pp. Many figures. 
16.5 X 23.5em. $29.50. 


In this handy book the author again 
succeeds in providing an annual handy 
reference for “‘new methods of synthesis of 
organic compounds, improvements of 
known methods, and also old proved 
methods scattered in periodicals.’ In 
the present volume there are 995 mono- 
graphs, over 453 pages of texts. There 
follow 95 pages of indices which not only 
index the material in the present text but 
also cross reference to pertinent items 
in previously published volumes of the 
series. The monographs are indexed 
uniquely, according to a simple system 
created by the author (see Vol. 2). 

Again in this volume, the section on 
trends in synthesis which precedes the 
pages of monographs, is an interesting and 
informative section. Some of the ex- 
amples cited at random from this section 
are the use of triarylalkyl borons for the 
preparation of other organometallic com- 
pounds, for example, for dialkylmercury 
even in aqueous solution, a new aldehyde 
synthesis from acid derivatives through 
l1-acylpyrazoles, the selective cleavage of 
esters with lithium iodide, a new and 
simple technique for the replacement of 
diazonium by nitro groups which gives 
high yields in certain cases, and the use of 
dimethy] sulfoxide as an excellent solvent 
for the conversion of alkyl chlorides into 
the corresponding nitriles. 

Many examples could be chosen from 
the text to illustrate the author’s aware- 


——Reviewed in This Issue. 


ness of and sensitivity to new techniques 
as published in the literature. Some of 
these are the use of ruthenium tetroxide 
as a powerful oxidizer, the oxidation of 
methyl groups with sulfur and sodium 
hydroxide, the introduction of trifluoro- 
methyl groups into heterocyclic com- 
pounds and a modification of the Guerbet 
condensation, using potassium hydroxide 
and boron anhydride. 

As the reviewer recommended in his 
prior review (THis JourNAL 37, 218 
(1960)), practicing organic chemists will 
find browsing through this text a reward- 
ing experience; the book is highly recom- 
mended for this purpose. 


Ernest I. BECKER 
Polytechnic Institute of Brooklyn 
~ Brooklyn, New York 


Isotope Effects on Reaction Rates 


Lars Melander, Nobel Institute of 
Chemistry, Stockholm, Sweden. The 
Ronald Press Co., New York, 1960. 
vi + 181 pp. Figs. and tables. 14 x 
2lcm. $6. 


Following a brief introductory chapter 
which includes some general references to 
the subject of isotope effects, the topics of 
Chapters 2 through 9 are as follows: Pre- 
diction of Rate-Constant Ratios from 
Molecular Data; Evaluation of Rate- 
Constant Ratios from Experimental Data; 
Primary Hydrogen Isotope Effect in 
Single Reaction Steps; Secondary Hydro- 
gen Isotope Effects; Hydrogen Isotope 
Effects and Reaction Mechanisms; Carbon 
Isotope Effects in Single Reaction Steps; 
Carbon Isotope Effects and Reaction 


Study 


Adrien Albert, Selective Toxicity 


Sources of Free Energy 


W. Theilheimer, Synthetic Methods of Organic Chemistry. Volume 14 

Lars Melander, Isotope Effects on Reaction Rates 

Ia. B. Zeldovich and A. S. Kompaneets, Theory of Detonation 

Paul Pascal, Editor, Nouveau Traite de Chimie Minerale. Volume 15 

Frederick L. Fitzpatrick, Editor, Policies for Science Education 

R. B. Heslop and P. L. Robinson, Inorganic Chemistry: A Guide to Advanced 


M. Stacey and S. A. Barker, Polysaccharides of Micro-Organisms 


John T. Edsall, Editor, Amino Acids, Protein, and Cancer Biochemistry 

R. M. Acheson, An Introduction to the Chemistry of Heterocyclic Compounds 

E. H. B. Pietsch, Editor, Gmelins Handbuch der Anorganischen Chemie. 
8 Auflage. System Nummer 15, Silicium, Teil B 

Van R. Potter, Nucleic Acid Outlines. Volume 1 

C. K. Ingold, Substitution at Elements other than Carbon 

Ralph T. Overman and Herbert M. Clark, Radioisotope Techniques. 

Ralph A. Raphael, E. C. Taylor, and Hans Wynberg, Advances in Organic Chem- 
istry: Methods and Results. Volumes 1 and 2 

Louis F. Fieser and Mary Fieser, Style Guide for Chemists. 

Marcel Florkin and Howard S. Mason, Comparative Biochemistry. Volume 1, 


Melvin S. Newman, Editor, Organic Syntheses. Volume 40 
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Mechanism, and finally, Isotope Effects 
with Elements Heavier than Carbon. 

Chapter 2 is by far the most important 
in the book, for Melander starts with the 
theory of absolute reaction rates, and dis- 
cusses the physical meaning of each 
mathematical component of the relation- 
ships which comprise the present day 
isotope effect theory. The development 
is done in a straightforward, almost 
conversational, fashion, and one need not 
follow the mathematics closely to under- 
stand the principles involved. The sim- 
plifying assumptions which are necessary 
in modifying the “primary relationship”’ 
and the ‘‘complete’’ equation of Bigeleisen 
so that they might be applied in specific 
instances are presented and discussed. 
On page 42 a chart is given which in- 
terrelates the different expressions and 
approximations in a descending scale of 
utility from heavy isotopes to isotopic 
hydrogen. Both the strength and the 
weaknesses of the theory are impartially 
presented in a proper perspective. 

In Chapter 3 Melander discusses and 
illustrates, with appropriate plots, both 
the cumulative and differential relation- 
ships between isotopic ratios of reactant 
and product as functions of fraction of 
reaction and isotope effect. The concept 
of the “lagging’’ of the heavier isotope 
is a much misunderstood factor, and yet 
a clear knowledge of it is essential to a 
proper evaluation of tracer results. Chap- 
ter 3 should, therefore, be of great im- 
portance to organic chemists and to 
biochemists who work with the isotopes of 
carbon and hydrogen. 

The remainder of the book is devoted 
to discussions of specific examples of 
primary and secondary hydrogen isotope 
effects, to effects with carbon, oxygen and 
sulfur, with special emphasis upon what 
type of mechanistic information can be 
gleaned from such studies. 

In the Preface, Melander admits the 
subjectivity with which he chose certain 
references for discussion. Such is always 
an author’s privilege however, and by 
having placed his stress upon principles 
rather than upon a comprehensive treat- 
ment of the literature of isotope effects, 
the author has imparted readability and 
simplicity to his book. 

This is an outstanding, well-written 
book about a very important field of 
science. It is also authoritative, for there 
are, beside Melander, perhaps only one or 
two others with sufficient firsthand knowl- 
edge to have written it. It should appeal 
to the beginner and expert alike and 
should be on the desk of every research 
scientist who uses isotopes. 


J. CoLiins 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


Theory of Detonation 


Ta. B. Zeldovich and A. S. Kompaneets. 
Academic Press, Inc., New York, 
1960. 284 pp. Figs. and tables. 16 
X 23.5 cm. $10. 


This is a recent publication in transla- 
tion of a book which was first published 
in Moscow in 1955. The book is based on 
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papers of the Chemical Physics Institute 
of the Academy of Sciences of the USSR 
pertaining to the hydrodynamics of 
flames and detonation waves. 

The first chapter of the book deals 
with the elements of gas dynamics as 
applied to strong and weak shock waves. 
The second part deals with detonations 
and lossless combustion in which there 
is energy release from chemical reaction 
to support the propagation of the wave. 
The propagation of flames under vary- 
ing boundary conditions such as in open 
and closed end pipes, and stationary com- 
bustion in a flow system are discussed. 

The third part of the book discusses 
boundary losses and the effects of fric- 
tion and heat transfer on the propagation 
of detonation waves. Chapter Four takes 
up the topic of detonations in condensed 
explosives and describes some attempts 
to work towards the experimental data 
with simple models. 

The Fifth and final chapter of the book 
deals with motion of detonation products 
in the rarifaction waves which follow the 
reaction zone. The problem is discussed 
in one and two dimensions and for the 
spherical case. 

This book is a valuable contribution as a 
key to the Russian literature on com- 
bustion hydrodynamics which is too 
frequently overlooked. Fewer than six 
references are given to non-Russian work, 
so the book is less than a general refer- 
ence. The relatively early first publica- 
tion date prevented any inclusion of 


much recent work. For these reasons - 


there is no reference to the experimental 
work of Kistiakowsky or that of the 
workers at Los Alamos. The theoretical 
papers of Kirkwood and their implica- 
tions are not included, and the contribu- 
tions of von Neumann and Doering are 
absent. The book is concerned almost 
entirely with hydrodynamics, and there 
is none of the recent work cited dealing 
with chemical species, chemical kinetics 
and energy transfer in combustion phe- 
nomena. 

The specialist in gas dynamics and 
combustion will be interested in this 
book, but the general reader will probably 
be more satisfied with a coverage such 
as is found in Lewis and von Elbe, ‘“‘Com- 
bustion Flames, and Explosions of Gases.”’ 


Joun P. Cuesick 
Yale University 
New Haven, Connecticut 


Nouveau Traite de Chimie Minerale. 
Volume 15 


Edited by Paul Pascal, Sorbonne, 
France. Masson et Cie, Paris, 1960. 
xix + 734 pp. Figs. and tables. 18 
X 26 cm. Broché 115 NF, Cartonné 
toile 127 NF. 


The fifteenth volume of Pascal’s new 
treatise deals with uranium and the 
transuranium elements. It will appear 
in two sections, with the first devoted to 
uranium and the second to the trans- 
uranium elements. The volume is being 
published with the collaboration of the 
French Commissariat for Atomic Energy. 


Included in the general bibliography is a 
list of abbreviations of laboratories of the 
United States, Canada, Great Britain, 
France, and Italy from which atomic 
energy research reports originated. The 
general introduction is by M. Salesse, 
Chief of the Department of Metallurgy 
of the Commissariat for Atomic Energy, 
and the greatest emphasis is placed upon 
the aspect of radioactivity and atomic 
energy. The work has been written by 
many, rather than a few, authors. 

It is recognized that uranium is so 
intimately connected with atomic energy 
that much emphasis must be placed upon 
it in any treatise which deals with the 
element, but it is felt that this section of 
the volume has placed much more em- 
phasis on piles, reactors, and atomic and 
nuclear energy than necessary on a work 
which should be concerned with the 
element uranium as such. These parts 
appear to have been written more for the 
engineer than for the theoretical and 
physical chemist. 

This part of the volume is well illus- 
trated and has reasonably up to date 
bibliographies. The parts devoted to 
isotopes and minerals of uranium are 
excellent. 


Roger V. Krumm 
University of Florida 
Gaine.ville 


Policies for Science Education 


Edited by Frederick L. Fitzpatrick, 
Teachers College, Columbia University, 
New York. Bureau of Publications, 
Teachers College, Columbia University, 
New York, 1960. xiii + 219 pp. $3.95. 


This volume is one of a series of 
monographs produced by The Science 
Manpower Project. The monographs al- 
ready published have dealt, in general, 
with specific courses in science and with 
the people who may be students in them. 
The present volume attempts to accom- 
plish a most laudable goal—that of pointing 
the way to the formulation of a much- 
needed statement of general policy for the 
field. 

The approach deals appropriately with 
such background factors as the nature 
and extent of the need for scientists, 
engineers, and technicians, the expanding 
economy, the functions of science educa- 
tion, and the quantity and quality of those 
persons who teach science. Early in the 


volume the groundwork ‘is neatly de- ~ 


lineated for the solution of certain current 
problems: public support and _ under- 
standing must be gained. 

The writers of the volume ask a pertinent 
question: ‘‘Who should determine policies 
for science education?” Their answer 
is ‘‘science educators in schools and colleges 
should take the major responsibility.’’ 
Many readers will not be certain of the 
identity of the “‘science educator’ as the 
term is used here. Some who choose a lim- 
ited definition will disagree; perhaps others 
with a broader definition will enthusiasti- 
cally endorse the position. 

After a survey of school administration, 
the work of science teachers, and public 
relations, the volume proceeds to an 


examination of science programs. In a 
general way curriculum and method are 
described with suggestions for improve- 
ment. Then the spotlight is placed 
on the science teacher—his background 
and his work. The preparation and 
certification of the teacher come under 
scrutiny. The concluding chapter pro- 
poses a school program in science, that 
will take into account science manpower 
needs, general community factors, and 
general school factors. Certain outlines 
for programs for teacher preparation are 
provided. Finally, a summary composed 
of statements of principles, reeommenda- 
tions, beliefs, and facts is provided. 

The monograph draws obviously upon 
a broad range of the experience of science 
teachers. In many places reference is 
made to facts and figures pertinent to the 
topic at hand. For readers well informed 
in the field of science education this con- 
tribution summarizes and integrates very 
well a functional philosophical position, 
the results of some research, and common 
knowledge of the field. Those less ac- 
quainted with the field will look for greater 
documentation than is provided in this 
report; but if such persons will read with 
care, they will surely come to agree with 
the science educator that perhaps the 
greatest need of science education today is 
fundamental research on such problems 
as how people learn, how science can be 
taught effectively, and how science 
teachers should be prepared. 


Joun S. RICHARDSON 
Ohio State University 
Columbus 


Inorganic Chemistry: A Guide to 
Advanced Study 


R. B. Heslop, Manchester College of 
Science and Technology, and P. L. 
Robinson, Atomic Energy Research 
Establishment, Harwell, England. 
Elsevier Publishing Co., Amsterdam, 
1960; sole distributors for the U.S., 
D. Van Nostrand Co., Inc., New York. 
viii + 555 pp. Figs. and tables. 16 
X 23cm. $9. 


In the preface the authors state that 
“a point has been reached in the develop- 
ment of the subject (inorganic chemistry) 
from which it is easier and less confusing 
to enter it at the level of present theoretical 
and physical-chemical knowledge. This 
book attempts to provide such an entry.” 
In this the authors partially succeed, 
although in the presentation of the de- 
scriptive chemistry of the elements a 
minimum of physical-chemical data are 
presented. 

Like its predecessors, the book is es- 
sentially written in two parts. The first 
half covers the theoretical material in 10 
chapters, and 206 pages, while the second 
part covers the descriptive chemistry 
of the elements in 26 chapters and 324 
pages. After a brief introductory chapter, 
chapters on the Atomic Nucleus and 
Radiochemistry are introduced, followed 
by the chapter on the Electronic Structure 
of Atoms—The Periodic Table. This 
includes a brief mathematical description 
of the wave mechanical hydrogen atom, 
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the build up of the multielectron atoms, 
and a brief description of periodic prop- 
erties. To this point the treatment of the 
material is more or less standard. In 
the next chapter on Valency the subject 
matter is dominated by the qualitative 
presentation of the molecular orbital 
approach to the chemical bond, with con- 
siderable emphasis on the hybrid nature 
of most covalent bonds. The description 
of electronegativity here is brief and does 
not consider the most recently refined 
data. The ligand field theory is intro- 
duced in the chapter on the Structure 
and Shape of Molecules. This chapter 
also includes two-paragraph thumbnail 
sketches of experimental techniques for 
structure determinations. In the next 
chapter on the Solid State the important 
structures are discussed, and a section 
on crystal growth is included. The the- 
oretical section is concluded with chapters 
on Thermodynamics, Kinetics, and Acid- 
Base theory. The first two are very 
brief and essentially contain the elements 
of the theory rather than the practical 
application of the principles. 

The descriptive chemistry section covers 
the whole periodic table. The elements 
are discussed in groups as defined by the 
long form of the periodic table, with 
separate chapters for hydrogen, the 
lanthanides, and the actinides. The non- 
transitional elements are discussed first, 
except for the inert gases, and Groups 
I and II are divided into two chapters 
for each group. Chapters on the transi- 
tional elements then follow. In general, 
the organization of these chapters follows 
a pattern, in which the electron configura- 
tions, radii, ionization potentials, elec- 
trode potentials, and the physical prop- 


erties of the elements are presented in , 


tables. The chemical properties of the 
elements and their preparation from a 
source material are then presented, fol- 
' lowed by a discussion of the binary com- 
pounds such as the halides, oxides, and 
sulfides. Special type compounds as- 
sociated with a particular group are usually 
taken up last in the chapter. 
lecular orbital theory of bonding is used 
extensively in the discussion of the struc- 
tural properties of the molecules. Elec- 
trode potentials are used in the discussion 
of the chemistry, but the use of other 
thermodynamic data is very limited. 

Interspersed with the group chapters, 
are chapters on the Hydrides, Oxides, 
Halides, Coordination Compounds, and 
the Peroxides and Peroxocompounds. 
These chapters provide a very useful 
perspective not obtained from the group 
chapters. 

In general, the book is up to date and 
accurate. There are some questionable 
statements or omissions, such as the lack 
of information on polymerized metal 
ion species in solution, the lack of struc- 
tural data for Mo(CN)s~‘, the acceptance 
of the still questionable resolution of 
Fe(C.0,)—%, and comments on the non- 
existence of NbIs, and M +‘ ions in aqueous 
solution. Although a section is included 
on inorganic nomenclature of complex 
compounds, when such compounds are 
named we find reference to purpureo, 
luteo, and violeo. The Stock system of 
nomenclature is not used. 

No general reference system is used, 
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although if the authors felt that a par- 
ticular discovery or concept was note- 
worthy, a date and name are included 
in the text in parentheses. There are no 
questions or practice exercises included. 

This book is a welcome addition to 
the inorganic literature and will find wide 
acceptance because of its up-to-date 
application of molecular orbital theory 
to the chemical bond. The authors have 
a very readable style and have the ability 
to present complex concepts clearly with 
a minimum of words. 


Epwin M. Larsen 
University of Wisconsin 
Madison 


Polysaccharides of Micro-Organisms 


M. Stacey and S. A. Barker, both of 
the University of Birmingham, England. 
Oxford University Press, Inc., New 
York, 1960. ix + 228 pp. Figs. 
andtables. 15 X 22cm. $4.80. 


Polysaccharide chemistry is advancing 
rapidly over a broad front, quite unlike 
the slower progress which was being made 
only a few years ago. ~ Then, advancement 
was largely associated with the better- 
known plant polysaccharides such as 
starch and cellulose, with the initiation 
of a formidable advance underway in the 
chemistry of hemicelluloses, seaweed poly- 
saccharides and a few of the most abun- 
dant polysaccharides of animals and 
micro-organisms. Recently, with new 
and better techniques available, especially 
those in microchemistry, it has been pos- 
sible to obtain concrete advances in the 
general chemistry and structure of the 
animal and microbial polysaccharides. 
Both of these groups of compounds are 
now under intensive investigation, and 
much information of a structural, general 
chemical and biological nature is appearing 
in the literature. 

The present volume on the polysac- 
charides of micro-organisms is not a 
treatise and makes no attempt to present 
detailed information in this area. Rather, 
the purpose of the authors is to present 
a brief survey, summarizing the existing 
knowledge regarding the polysaccharides 
of Gram-positive and Gram-negative 
bacteria, viruses, rickettsia, moulds, 
yeasts, yeast-like fungi and protozoa. 
The first five chapters, covering 69 pages, 
describe briefly the occurrence of certain 
sugars and groups of sugars and microbial 
polysaccharides, and the function of 
polysaccharides, their isolation and the 
general approach to their structural de- 
termination. These brief chapters present 
a good survey of the subject area. Like- 


wise, the remaining chapters present, © 


in brief form, the salient developments 
in the chemistry and biochemistry of 
specific polysaccharides from micro-or- 
ganisms. The reviewer likes the book 
and believes that it offers a good up- 
to-date survey of the subject. Con- 
tinuation of the present rate of investiga- 
tive advance will make it desirable and 
necessary to have periodic publications 
of this sort, by which persons interested 
in biology and macromolecular chemistry 
may quickly come abreast of this fasci- 
nating and significant field of research. 


Nomenclature in the book is, on the 
whole, good. It is hoped that in the future 
the authors might work to extend pre- 


ferred nomenclature. Especially, they 
should be encouraged to use the term 
aldobiouronic acid in place of the archaic 
aldobiuronic acid, because the modified 
disaccharides referred to have only one 
uronic acid group. Moreover, the term 
polyglucosan should be avoided since it 
signifies a polymer of an intramolecular 
anhydride. The term glucosan has now 
been well defined by the American and 
British Carbohydrate Nomenclature 
Committees. Polyglucosan, therefore, 
has at present no proper nomenclature 
significance in the polysaccharide field. 
Its place should be taken by the word 
glucan, which signifies a polysaccharide 
composed only of glucose units. It is 
also to be hoped that workers will not 
perpetuate the use of two different names 
for sugars which are mirror images. Thus, 
it is not desirable to use both the term 
abequose and the term colitose. The 
two sugars should either be called D- 
or L-abequose or they should be called 
D- or L-colitose. 

The book is generally free of errors; 
however, on page 43 two basic resins 
are said to be in the “sodium form.” 


Roy L. WHIstLER 
Purdue University 
Lafayette, Indiana 


Selective Toxicity 


Adrien Albert, Australian National 
University, Canberra, Australia. 2nd 
ed. John Wiley & Sons, Inc., New 
York, 1960. x + 233 pp. Figs. and 
tables. 14.5 X 22 cm. $5.50. 


This is a much enlarged second edition 
of the stimulating work which first ap- 
peared in 1951. Chapters have been 
rewritten with the addition of pertinent 
new material. New topics have been 
treated. 

The preface states that the first 4 
chapters are suitable for undergraduate 
students and that the last 9 chapters are 
intended for the more advanced student. 
This book is not suitable for under- 
graduates and will prove frustrating at 
times to the more advanced student. 
This is disappointing to me since the 
concept of selective toxicity is well taken 
and is broadly examined. 

Four main faults are the basis of this 
judgment. There are frequent ambigui- 
ties which would have been avoided by 
more careful writing. Many generic 
names are used without accompanying 
systematic names or structural formulae. 
References for key statements are fre- 
quently not present. Some general state- 
ments are not in accordance with pub- 
lished information. 

Indefinite exposition is exemplified on 
page 7 where the rate of hydrolysis of 
tetraethylpyrophosphate is compared with 
those of certain unspecified ‘other’ 
phosphate esters. The example of a 
Van der Waals’ bond given in Table 1, 
page 85, is more conventionally restricted 
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CHEMISTRY 
TEXTS 
FROM 

PRENTICE 


FOR APPROVAL COPIES 
WRITE: BOX 903, DEPT. JCE 
PRENTICE-HALL, INC. 


Inorganic Chemistry of 
Qualitative Analysis 
by ALAN F. CLirForD, Purdue University 


Uses the relationships of qualitative analysis to teach the chem- 
istry of the periodic table in a systematic fashion, showing how 
the analytical scheme is built on and reflects the systematics of 
the periodic table. Thus the “solubility rules” are expanded 
and shown to be examples of trends within the periodic table. 


1961 515 pages Text list: $6.95 


Organic Chemistry 

by KettH M. Seymour, Butler University 

Presents those facts and principles which serve to give students 
a working knowledge of the more important types of organic 
compounds. Pertinent theories and new concepts are used only 
after the experimental basis for them has been studied and when 
they contribute to the understanding of the material under 
consideration. 


1961 321 pages Text list: $6.75 


Experimental Nuclear Chemistry 
by Grecory R. Cuoppin, Florida State University 


Designed to help teach the techniques and necessary basic theory 
for utilization of radioisotopes in research and experimentation. 
A variety of experiments and techniques are included with a 
discussion of the theory behind each. 


1961 256 pages Text list: $6.95 


Organic Chemistry, 3rd 

by Ray Q. BREwsTER and WILLIAM E. McEwen, 

University of Kansas 

Offers a thorough, well balanced presentation of organic chem- 
istry with emphasis upon theory and mechanism of reactions. 
Material is presented in sequential fashion, with each chapter 
building upon its predecessor. 


1961 864 pages Text list: $10.00 


Synthetic Inorganic Chemistry : 

by WituiaM L. JoLty, University of California, Berkeley 

Shows how the synthetic inorganic chemist thinks. The text 
serves the dual purpose of supplementing lecture material and 
serving as a laboratory manual for a course in preparative 
inorganic chemistry. 

1960 196 pages Text list: $6.00 


Elementary Organic Chemistry 


by Ernest E. Campaicne, Indiana University 


Contains an integrated, complete survey of elementary organic 
chemistry in the initial chapters. Following are ten chapters 
devoted to hydrocarbons, halogen compounds, oxygen com- 
pounds and nitrogen compounds of carbons. The remaining 
chapters cover the organic chemistry of naturally occurring 
compounds. 


1961 360 pages Text list: $7.50 


ENGLEWOOD CLIFFS, NEW JERSEY 
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FILTER PUMP 


Operates on water pres- 
sure from 11 Ibs. up. 
All-polyethylene. _Inte- 
gral check value not af- 
fected by fumes or corro- 
sive filtrate. Take up to 
3/3” tubing—connects and 
disconnects instantly. Has 
3/,” IP male thread faucet 


Corrosion-Free 
Polyethylene 


Extra Tubing 


Connectors 

Available. 

.06 each in Priced at $1.30 Each 
case (144) lots. in case (72) lots. 


QD CONNECTORS 


A quick disconnect flexible tubing 
connector. Designed particularly 
for vacuum applications. Also 
useful for connecting water lines, 
manometers, etc. Light in weight 
and may be used safely in ap- 
paratus set ups. Fits tubing of 
5/16” to */16” ID. 


Priced .25 ea. in case 
(72) lots. 


DROPPER BOTTLES 


With New Improved Caps 


Screw-on cap effects tight seal 
permanently. Drops are small 
a and uniform. By far the best 
available for laboratory use. 


Six sizes, priced from .12 ea. 


in case (72) lots. 


POWDER 
FUNNELS 


Parallel stem minimizes 
bridging of powder. No 
airlock, 60° angle. 65, 
100 & 150 MM diam- 
eters. Priced from .32 
each in case (72) lots. 


Send for catalogue of complete line of unbreakable poly- 
ethylene labware—sold through leading supply houses. 


2 


8066 Arlington: Branch, Jacksonville 11, Florida 


BOOK REVIEWS 


to covalent bonds. The definition of a 
covalent bond on page 35 as ‘“‘one which 
is not easily broken, e.g., by dissociation in 
water at 20°,” does not include the 
C—Cl bond of acid chlorides and is not 
up to the general sophistication of the 
work. A better definition is to be found 
on page 86. The failure on page 73 
to specify the species in discussing the 
mode of action of insecticides is another 
case of indefiniteness. The statement on 
page 80 that “growth inhibitory sub- 
stances (does this include appetite de- 
pressants and distasteful materials?) are 
almost always carcinogenic” is unduly 
broad and without a reference. Indeed 
almost the entire section on carcinogene- 
sis and the chemotherapy of cancer, pages 
76-80, has unfortunate ambiguities and 
lack of references. 

A particular example of the annoying 
use of generic or trivial nomenclature is on 
page 9. In one sentence six such names, 
of which only one has been defined, are 
used. On the same page, it would be 
more accurate to speak of diazinon(e) as 
being “a” rather than ‘the’ pyrimidine 
analogue of parathion. Nomenclature 
confusion is also found on page 29 where 
it is implied that benemid and caronamid 
are the same compounds, and an am- 
biguous name is given. They are in fact 
different compounds. 

Statements which are either too broad 
or not accurate can be found in several 
places. It is inaccurate to speak of the 
ready penetration of the blood brain 
barrier by sulfonamides (page 27), as 
there is considerable variation between 
the various derivatives of sulfanilamide. 
It is inaccurate that “bovine mastitis’ 
...is now cured with “sulfanilamide’’ 
(page 8). The emergence of resistant 
species of bacteria have made the use of 
newer agents necessary for the control of 
this disease. 

The statement on page 52 that N*- 
methyl sulfanilamide is inactive in vivo is 
not correct as will be found by reference 
to E. H. Northey’s ‘“‘The Sulfonamides.” 
It would be correct to state that metabo- 
lism undoubtedly removes the N‘-methyl 
group to give an active compound. Simi- 
larly, it is implied on page 98 that sub- 
stituted sulfonamides are inactive as 
carbonic anhydrase inhibitors. This state- 
ment is true only in vitro as various 
alkyl groups can be metabolized in vivo 
to yield active compounds. The history 
of the discovery of the carbonic anhydrase 
inhibiting activity of sulfonamides is 
given inaccurately on page 97. It is to be 
traced to the observation that sulfanil- 
amide causes an alkalinization of the 
urine of dogs, by E. K. Marshall (T. H. 
Maren, E. Mayer, and B. Wadsworth, 
Johns Hopkins Hosp. Bull., 95, 201(1954)) 
rather than to that given by Albert. 
Other examples of this sort could be cited. 

Mechanical errors are few. It is to be 
regretted that the Dalmatian has been 
omitted from the footnote of Table 2 
(page 16, First and Second Edition) in 
the Second Edition. On pages 78 and 
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chemistry textbooks from macmillan 


COLLEGE CHEMISTRY: 
A Systematic Approach 
Second Edition 


by Harry H. Sisler, University of Florida; and Calvin A. 
VanderWerf and Arthur W. Davidson; both, University 
of Kansas 

The new edition of this well-known introductory text 
utilizes the structural basis of the Pe of matter as 
its guiding and unifying principle. It presents specific 
properties of individual elements and compounds as pre- 
dictable consequences of their atomic, molecular, and 
ionic structure. Featuring a completely new treatment 
of chemical equilibrium; element-by-element discussion 
of the synthesis of new elements, and a chapter on 
— fuels, it also explores thoroughly the chemistry of 
life. 


1961 709 pages $7.50 


TEXTBOOK OF INORGANIC 
CHEMISTRY 


by S. Young Tyree, Professor of Chemistry, University of 
North Carolina; and Kerro Knox, Member of the Tech- 
nical Staff, Bell Telephone Laboratories, Inc. 

Material in this textbook, intended for courses in inor- 
ganic chemistry requiring no background in physical 
chemistry, is organized according to groups of elements 
in the periodic table. For each element, the occurrence 
and history, preparation, physical properties, and 
chemical properties and compounds are outlined. 

1961 434 pages $7.00 


TEXTBOOK OF QUANTITATIVE 
INORGANIC ANALYSIS 
Third Edition 


by I. M. Kolthoff, Professor and Chief of the Division of 
Analytical Chemistry; and E. B. Sandell, Professor of 
Analytical Chemistry; both, the University of Minnesota 


This outstanding text provides a balanced treatment of 
theoretical and experimental fundamentals of quantita- 
tive inorganic analysis. It offers broad and detailed 
coverage of both gravimetric and volumetric analysis, 
an outline of the most important classical procedures; a 
comprehensive discussion of apparatus, reagents, and 
practical grey employed in analysis; and a valu- 


able key to the literature of analytical chemistry. 


1952 759 pages $7.00 


LABORATORY EXPERIMENTS IN 
ORGANIC CHEMISTRY 


by Roger Adams, Professor Emeritus of Organic Chemistry, 
University of Illinois, and John R. Johnson, Todd Professor 
of Organic Chemistry, Cornell University 

This text for beginning students features a wide range of 
experiments designed to develop facility with the more 
important laboratory procedures encountered in organic 
chemistry. Throughout, there is ample exposition 
of underlying principles involved in the experiments. 
For —— usefulness, the figures for experimental 


assemblies are given with the text and discussion of the 
operations. 
1949 525 pages $5.00 


LABORATORY PRACTICE OF 
ORGANIC CHEMISTRY 
Third Edition 


by G. Ross Robertson, Professor Emeritus, University of 
California, Los Angeles 

The first half of this well-known manual contains an 
unusually detailed treatment of the principles es 
laboratory procedure in organic chemistry. Part Two 
includes not only directions for experiments, but also 
examples of qualitative analysis. Baphiecis on theory 
is maintained throughout, and explanations of principles 
are kept distinct from directions for experiments. 


1954 377 pages $4.50 


PHYSICO CHEMICAL EXPERIMENTS 


by Robert Livingston, Professor and Chief of the Division 
of Physical Chemistry, University of Minnesota 
Experiments in this laboratory manual illustrate the 
basic principles and techniques of physical chemistry. 
Quantitative aspects of the work are stressed, and the 
student is given thorough training in computation. All 
procedures are clearly explained, but in some of the 
simpler experiments, only purpose and general methods 
are described, leaving the details of procedure for the 
student to work out as a minor research problem. 


1957 273 pages . $4.50 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
A Division of The Crowell-Collier Publishing Company 
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BOOK REVIEWS 


180, triethylenemelamine is incorrectly 
called tetraethylenemelamine and is in- 
correctly identified as TEPA. The cita- 
tion of Roblin on page 103 does not 
appear in the bibliography. 

If the reader can overcome these cb- 
jections to the above criticized style, 
he will find Chapters 6 through 13 to be a 
useful review of the modes of action of 
various selectively toxic agents. 


Jackson P. ENGLISH 
American Cyanamid Company 
Pearl River, New York 


Amino Acids, 
Biochemistry 


Edited by John T. Edsall, Harvard 
University, Cambridge, Massachusetts. 
Collection of papers presented by the 
Jesse P. Greenstein Memorial Sym- 
posium, Division of Biological Chem- 
istry, ACS, September 16, 1959. Aca- 
demic Press, Inc., New York, 1960. 
ix + 244 pp. Figs. and tables. 15.5 
X 23.5 cm. $7. 


Proteins, and Cancer 


The Memorial Symposium and Fest- 
schrift both afford unique opportunities 
for critical evaluation and speculation. 
Their very nature seems to eliminate 
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pare with the versatility of the new, improved Kemrock. 


In fact, tests prove that there is no other top material available which 
so thoroughly protects against the ravages of all acids, alkalies and 


solvents. 


Send for test specifications and/or ask your Kewaunee representative 
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the formality and sometimes labored 
detail of the typical review. The authors 
appear less constrained by the conventions 
of scientific writing and the discussions 
are free and interesting. “Amino Acids, 
Proteins, and Cancer Biochemistry,” a 
memorial symposium in honor of Jesse P. 
Greenstein, is an important addition to 
this literature and a thoroughly interesting 
discussion of recent concepts and tech- 
niques in several areas of biochemistry. 
The articles form a coherent unit, perhaps 
because they review areas of biochemical 
research that were of importance in the 
investigations of one brilliant and versatile 
scientist. The introductory chapter, a 
critical tribute to Greenstein by Edsall 
and Meister, and the concluding section, 
a bibliography of Greenstein’s published 
work, measure the breadth and compe- 
tance of this man. The remainder of the 
symposium can be divided into two sec- 
tions. The first section discusses tech- 
niques in amino acid and protein bio- 
chemistry while the second summarizes 
and evaluates concepts in intermediary 
metabolism which may be related to 
cancer biochemistry. 

Winitz, Birnbaum, Sigimura, and Otey 
discuss the preparation of optically pure 
amino acids and their incorporation in 
water-soluble chemically defined diets. 
The application of these diets to problems 
in metabolism is a striking example of 
the information yet available in the so- 
called exhausted area of nutrition. Scher- 
aga, Cha, Hermans, and Schildkraut 
discuss the internal hydrogen bonding in 
ribonuclease in a chapter as stimulating 
as the always interesting studies of 
Scheraga and his collaborators. Neurath, 
Rupley, and Vallee summarize the chem- 
istry of metal free and native carboxy- 
peptidase. These studies are especially 
interesting since they suggest that metal 
ions contribute to the formation of en- 
zyme-substrate complexes. Sober and 
Peterson review their extensive contribu- 
tions to the purification of proteins with 
cellulosic adsorbents. This chapter in- 
cludes a number of examples of specific 
proteins and the partial enzymatic digest 
of RNA and is the more interesting since 
Kit discusses these techniques in his 
chapter on the characterization of nucleic 
acids in normal tissues and tumors. 

The discussion of intermediary metabo- 
lism begins with a good critical review of 
amino acid activation and protein bio- 
synthesis by Alton Meister. This chapter 
is followed by a discussion of Greenstein’s 
generalization that the biochemical char- 
acteristics of tumors tend toward a com- 
mon pattern. Weinhouse has written 
an interesting discussion of this generali- 
zation and a critical evaluation of War- 
burg’s theory of impaired respiration in 
tumors. Roberts and Simonsen then 
summarize their very recent studies on 
free amino acids in normal and neoplastic 
tissue. Glutamine metabolism and the 
possibility of chemotherapeutic control 
of tumors through glutamine metabolism 
is an interesting aspect of this work. 
The chapter by Kit mentioned previously 
is a highly critical and necéssary réview 
of the characterization of nucleic acids. 
Racker, Wu, and Alpers then discuss 
carbohydrate metabolism, the Pasteur and 
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N EW Scientific Literature from McGraw-Hill 


CHEMISTRY, Second Edition 

By M. J. SIENKO and R. A. PLANE, Cornell 
University. 623 pages. $7.50. 

A careful revision and improvement of this excellent text- 
book in college chemistry. Neither the character or the 
scope of the book has been changed, but the authors, with a 
multitude of reviewers, have reexamined and strengthened 
the first edition. The changes result in increased depth and 
lucidity rather than increased size. The aim of the book, as 
before, is to present an introductory course which is quan- 
titative, up-to-date, and of sufficient rigor to prepare the 
student for further work in the field. 


INTRODUCTION TO 
CHEMICAL ENGINEERING 


By L. BRYCE ANDERSON, The Rice Institute; 
and L. A. WENZEL, Lehigh University. The McGraw- 
Hil! Chemical Engineering Series. Available in June, 1961. 
Designed for a fast-paced, rigorous one semester course to in- 
troduce the sophomore to the chemical engineering profession 
and to the chemical process industries. The authors’ objec- 
tive is to cover the topics usually covered in stoichiometry, 
but also to give the student knowledge of and enthusiasm for 
the field of chemical engineering, so he will have a greater 
sense of purpose as he proceeds through subsequent courses. 


PRINCIPLES OF 


ORGANIC CHEMISTRY 


By JAMES ENGLISH and HAROLD CASSIDY, Yale 
University. Available in August, 1961. 

A general revision and updating of an established text in- 
tended primarily for full-year courses for ore-meds and other 
non-majors, but also suitable for one-semester courses. 
Avoiding the encyclopedic approach of some texts, the au- 
thors have been highly selective and present only those topics 
necessary to demonstrate basic principles. 


THERMODYNAMICS, 


Second Edition 

By B. N. LEWIS and M. RANDALL (Revised by 
KENNETH S. PITZER and LEO BREWER, both 
of the University of California, Berkeley). McGraw- 
Hill Series in Advanced Chemistry. 723 pages. $12.50. 

A revision by two top men in their field of a 1923 classic. 
The informal and much-admired style of the first edition has 
been retained and will make the book very appealing to all 
its readers. Because the last edition of the book was 37 years 
ago, there is much new material included in the new edition, 
particularly in the middle and late chapters. These chapters 
have now been brought up to the present frontiers of thermo- 
dynamics. Illustrative materials have been brought up-to- 
date. As before, illustrative problems are worked out in 
considerable detail. 


FLAME PHOTOMETRY 


By JOHN A. DEAN, University of Tennessee. 
McGraw-Hill Series in Advanced Chemistry. 354 pages. 
$11.50. 


The first full-length treatment of a new and extremely popular 
analytical method used by chemists, physicists, and biologists 
both in academic and industrial research. The book offers 
an approach based on modern flamé photometry as practiced 
with equipment able to separate the many variables one from 
another; i.e., photomultiplier tubes as photodetectors, prisms 
(or gratings) with adjustable slit mechanisms to isolate the 
radiant energy, and combustible fuels of different adiabatic 
flame temperatures. 


THERMAL REGIMES 
OF COMBUSTION 


By L. A. VULIS: translated from the Russian by 
GLENN WILLIAMS, Massachusetts Institute of 
Technology, and others for the project SQUID, 
Princeton, N. J. Available in July, 1961. 


Of primary interest to chemical and mechanical engineers 
and to chemists and physicists interested in kinetics, this 
timely translation offers a detailed mathematical discussion of 
the consequences of applying simple thermal combustion 
theory and simplified (first order) kinetics to over-all combus- 
tion problems. This material is not available in comparable 
detail in any other English source. 


CHEMICAL 
THERMODYNAMICS 


By J. G. KIRKWOOD; and IRWIN OPPENHEIM, 
Convair Division of General Dynamics. Available 
in June, 1961. 


A senior-graduate text with Physical Chemistry prerequisite. 
Text presents rigorous treatments of gas mixtures and heter- 
ogeneous equilibrium and also of electrochemical systems 
and dielectrics. Contains a new formulation of the Second 
Law and an important statement of relationship between the 
Second Law and the Carathedeodory Principle. _ 


PHYSICAL CHEMISTRY 


By GORDON M. BARROW, Case Institute of Tech- 
nology. 720 pages. $8.95. 


A modern text prepared with an eye toward unifying the 
content of physical chemistry by interpreting quantitative 
chemical behavior in terms of molecular behavior. All 
physical chemistry is treated from a structural approach, em- 
phasizing the knowledge of the molecular world that can 
be gained by theory or experiment and the application of this 
knowledge to the understanding of macroscopic behavior. A 
problem book will be available. 


Send for. copies on approval 


M McGraw-Hill Book Company, Inc. 


330 West 42nd Street 


New York 36, N. Y. 
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tamware. The best way to use it—in a 
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four different kits, for the exact set-up 
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Kit No. 1 has ball and socket type 
joints on all inclined condenser con- 
nections. A second kit is the same, 
except that it has Teflon® instead of 
glass stopcock plugs on all appropriate 
items. A third kit resembles Kit No. 1 
but substitutes standard taper joints 
for ball and socket joints. The fourth 
kit has tapered joints and Teflon stop- 
cock plugs. 


There are over 40 glassware items in 
each kit—all you need for fractiona- 
tion, steam, atmospheric and vacuum 
distillation, chromatographic analysis, 
extraction, filtration, reflux and 
separation. 


Convenience and utility are provided 
in all Bantamware Kits. Select one of 
them for the exact components you 
need for your laboratory. 


K-27010 The Original with Ball and Socket Joints $440.00 
K-27011 The Original—w/Teflon Stopcocks $444.00 
K-27012 A New Kit— Tapered Joints throughout $438.75 
K-27013 The New Kit—w/Teflon Stopcocks $442.75 


New 32 page Bantamware catalog 
BW-2 now available. Write for your 
free copy today. 

® E. |. Du Pont De Nemours & Co. 
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BOOK REVIEWS 


Crabtree effects, in ascites tumors and 
hela cells. This chapter and the final 
chapter by Britton Chance, A digital 
Computor Representation of Chemical and 
Spectroscopic Studies on Chemical Control 
of Ascites Tumor Cell Metabolism, con- 
clude a thoroughly interesting symposium. 

This book represents a considerable 
effort from many biochemists. It is 
a stimulating tribute to Jesse Greenstein. 
It is the type of symposium that should 
be available in many areas of investiga- 
tion to biochemists and deserves their 
support. 


Davin G. CoRNWELL 
Ohio State University 
Columbus 


An Introduction to the Chemistry of 
Heterocyclic Compounds 


R. M. Acheson, Queen’s College, Uni- 
versity of Oxford, England. Inter- 
science Publishers, Ine., New York, 
1960. xiv + 342 pp. Many figs. 
16 X 23.5cm. $5. 


It might be thought, perhaps, that a 
field as vast as modern heterocyclic chem- 
istry can hardly be surveyed adequately 
in the space of 342 pages without at least 
some appearance of superficiality. Here, 
however, this pitfall has been deftly 
avoided. In this book Dr. Acheson 
has succeeded admirably in providing a 
concise yet highly informative introduc- 
tion to the chemistry of the fundamental 
heterocyclic systems without seriously 
sacrificing important detail. In addition, 
interesting highlights of many fascinating 
biochemical areas of the subject are also 
presented. 

Organized according to structures of 
increasing complexity, from three-mem- 
bered ring heterocycles through poly- 


_ heteroatom five- and six-membered ring 


types, the nine chapters of this book take 
up each class of compounds logically and 
systematically. Cardinal features of phys- 
ical properties and structure, including 
pertinent data from X-ray, spectral and 
dipole-moment measurements, are con- 
sidered first in each section; then the 
chemical behavior of representative com- 
pounds is delineated, along with methods 
of synthesis and the chemistry of selected 
substances of natural occurrence and 
special interest, except alkaloids and carbo- 
hydrates. The up-to-date character of 
the book may be gauged by the fact that, 
in addition to extensive citation of recent 
papers and data, modern electronic theory 
and mechanistic concepts are widely 
employed, and significant current aspects 
of the metabolism and biosynthesis of 
biologically important compounds are 
described. 

For maximum effectiveness the text is 
illustrated by an unusually large number 
of clear, well-drawn structural formulas, 
with bond angles, bond distances, and 
x-electron densities marked on those of 
many of the principal prototypes. A 
useful general bibliography on each class 
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Second Edition 
revised and enlarged 


Quantitative 
Organic Microanalysis 


By AL STEYERMARK, Microchemical Department, Hoffmann-La Roche Inc., Nutley, New Jersey 


The material included in the first edition has been modified 
extensively in order to incorporate recent improvements and ad- 
vances in techniques. In addition, considerable material has 
been added. All of the methods included have been stringently 
evaluated for reliability in the hands of many different chemists. 
The book provides not only these carefully selected methods 
but also extensive tables of reference at the end of each chapter. 


In preparing this second edition the author has drawn 
upon his broad experience in more than twenty years of perform- 
ing and directing microanalytical determinations. He has also 
incorporated the latest recommendations of the American Chemi- 
cal Society, American Society for Testing Materials, Association 
of Official Agricultural Chemists, and the International Union of 
Pure and Applied Chemistry. The author is Chairman of the 
committees concerned in three of these organizations, and a mem- 
ber of the committee in the fourth. 


June 1961, 665 pp., $16.50 


CONTENTS: 

Introduction 

The Microchemical Balance 

Weighing on the Microchemical Balance 

Preparation of Samples for Analysis 

Standard Solutions (Microtitration Techniques) 

Chapters on Microdeterminations 
Metals by the Ashing Technique 
Nitrogen by the Dumas Method 
Nitrogen by the Kjeldah! Method 
Carbon and Hydrogen 


or Carboxy!l Groups 
Alkoxyl Groups (Methoxy! and Ethoxy!) 
Acyl Groups (Acetyl and Formy!) 
Carried Out on the Van Slyke Manometric 
Unsaturation (Double Bonds)—Hydrogen Number 
Other Groups 
Molecular Weight 
Some Physical Constants 
Calculations 
AUTHOR INDEX—SUBJECT INDEX. 


Physical Methods 


Chemical Analysis 


VOLUME 1. Second Edition, Revised 


1960, 686 pp., $19.00 


Review of first edition: : 
“The reader is impressed with the care and thought put into this 
book to make it helpful to a wide cross section of scientists. It 
should be available to the experimentalists in the several physical 
science fields.”’ 


VOLUME 2 Second Edition, Revised 

1961, in preparation 
Review of first edition: 
“«” | . it would not be proper to close this review without saying 
that analytical chemists owe a considerable debt to the editor, 


authors and publishers for these two exceedingly valuable 
volumes.” —The Chemical Age 


VOLUME 3 1956, 652 pp., $15.00 


“The volume is a valuable addition to the literature and will be 
appreciated, not only by analytical chemists, but by all scientists 
who use new techniques in their research.” —Science 


ACADEMIC 


111 Fifth Avenue, New York 3, New York 


—Review of Scientific Instruments. 


Edited by WALTER G. BERL 


Applied Physics Laboratory, 
The Johns Hopkins University 


VOLUME 4 


Dialysis 
By CHARLES W. CARR 


Separations with Molecular Sieves 
By Tupor L. Tuomas and L. Mays 


Separations with Foams 
By Mitton E. WapsworTH 


Electromagnetic Separations 
By A. E. CAMERON 


July 1961, about 475 pp. 


lon Exchange 
By WiLi1aM RIEMAN and ROGER SARGENT 


Analytical Applications of Inclusion Compounds 
By MAximo Baron 


Separation of Gases and Liquids by Thermal Diffusion 
By G. DicKeL 


Solvent Extraction 
By F. A. VON 


AUTHOR INDEX—SUBJECT INDEX. 


P Bo E S S New York and London 


17 Old Queen Street, London, $.W.1 
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BOOK REVIEWS 


of compounds discussed is appended to 
each chapter, and specific: references are 
given to the more recent papers consulted, 
including some that appeared as late as 
1959. A complete compound index and 
a separate subject index are also included. 
Since, as the author observes, ‘“‘hetero- 
cyclic chemistry at the moment accounts 
for about 26% of the organic papers pub- 
lished,”’ it is indeed unfortunate that the 
time which is spent on the subject ‘‘is 
proportionately too little in most [under- 
graduate] teaching schools.’”’ It is mainly 
to help meet this need that this book was 
written. The sheer mass of material, 
both classical and contemporary, which 
exists in the field, easily confuses and over- 


whelms even the better student, but here 
at least is a practical and up-to-date guide 
to the subject that already has sifted out 
for him the important properties, reactions 
and methods of synthesis of the major 
types of heterocyclic compounds. 

In this country the principal use for 
this book will probably be as a supple- 
mentary text or reading reference for 
advanced undergraduate or graduate 
courses related to heterocyclic chemistry. 
On the other hand, because of its excel- 
lent coverage of recent developments in 
the field, and its modest price, the book 
will undoubtedly have a much wider ap- 
peal as well. 


ALBERT W. BuRGSTAHLER 
The University of Kansas 
Lawrence 
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Take one set of results you got with Du Pont Nitric Acid Reagent. You can 
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It’s of uniformly high purity, too, exceeding American Chemical Society 
requirements. And you get the convenience of single-trip cartons, dripless 
sleeves, safety grips on 5-pint bottles and color-coded caps and labels. 

Du Pont’s family of reagents includes Nitric, Sulfuric, Hydrochloric 
and Glacial Acetic acids, and Ammonium Hydroxide. They’re readily avail- 
able all over the country. Ask your local laboratory supply house or write 


for list of suppliers. Industrial and Biochemicals Dept. 


Wilmington 98, Delaware. 
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REG. U. 5. PAT.OFF 


Gmelins Handbuch der Anorganischen 
Chemie. 8 Auflage. System Num- 
mer 15, Silicium, Teil B 


Edited by the Gmelin Institute under 
the direction of ZH. H. B. Pietsch. 8th 
edition. Verlag Chemie, GMBH., 
Weinheim, Bergstrasse, 1959. 923 pp. 
Figs. and tables. 17.5 X 23.5 cm. 
Paperbound. $135.50. 


The magnitude of the literature on 
silicon chemistry is evidenced by the size 
of this volume. This book deals only 
with elemental silicon and those inorganic 
silicon compounds which, according to the 
Gmelin classification, are grouped with 
silicon. 

Over one quarter of the volume con- 
cerns itself with the properties of ele- 
mental silicon. There is an appendix 
bringing up to date the literature on the 
preparation of this element and its use 
as a semiconductor. 

A thorough survey is made of the litera- 
ture on SiOz. There are 376 pages dealing 
with such topics as the crystallographic, 
optical, electrical and solid state proper- 
ties of SiOz. 

The derivatives of this element that 
tend to polymerize, such as siloxanes, 
silanols, and siloxenes, are discussed. 
The industrial importance of silicon car- 
bide accounts for a large section on the 
silicon-carbon compounds. The prepara- 
tion and behavior of the glass electrode 
in aqueous and, to a more limited extent, 
in non-aqueous media is described ex- 
haustively in the final chapter of this 
supplement. 

This exhaustive study should prove of 
unlimited value to chemists and physicists 
alike, especially those interested in semi- 
conductors. 


THEODORE R. WILLIAMS 
College of Wooster 
Wooster, Ohio 


Nucleic Acid Outlines. Volume | 


Van R. Potter, University of Wisconsin, 
Madison. Burgess Publishing Co., Min- 
neapolis, Minnesota, 1960. vii + 292 pp. 
Figs. and tables. 14.5 x 22cm. $5. 


The nucleic acid field is so broad, 
the interrelationships of various aspects 
so complex, that adequate coverage of the 
subject has been available only in a com- 
prehensive series of treatises too com- 
plicated and too expensive for general 
classroom use. The absence of a concise, 


“unified presentation of the fundamental 


information of the entire field has been a 
serious handicap to those of us who at- 
tempt to teach the subject to graduate 
students with a variety of scientific 
backgrounds. 

The book under review can satisfy only 
part of the need for a suitable text. It is 
limited in scope to the treatment of the 
chemical structures and the metabolic 
transformations of the nucleic acids, 
their components and the nucleotide 
coenzymes. Most conspicuously absent 
is a discussion of the biological roles of the 
nucleic acids. This deficiency is ap- 
parently to be remedied in the near future 
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PHYSICAL CHEMISTRY 
OF MACROMOLECULES 


By Charles Tanford, Duke University. Treats, in 
turn, the major areas of physical chemistry: molecu- 
lar structure, molecular statistics, thermodynamics, 
transport processes, electrostatics, and kinetics. A 
summary of the fundamental theory is included in each 
of the areas presented, and it is then shown how the 
theory may be modified or extended in order to be- 
come applicable to molecules of very high molecular 
weight. In each case, the development is sufficiently 
rigorous so that the student clearly sees the assump- 
tions which are made, the basis on which he may 
judge the applicability of any particular technique or 
theoretical equation to his particular problem. 

Illustrated by copious examples from the literature, 
the book also presents a secondary theme. This is 
the development of an increasingly detailed knowl- 
edge of the structure and behavior of the individual 
macromolecules. 


1961. Approx. 752 pages. Prob. $15.00 


TRANSACTIONS OF THE 
SYMPOSIUM ON ELECTRODE PROCESSES 


Edited by Ernest Yeager, Western Reserve Univer- 
sity. Includes all the papers presented at an inter- 
national symposium sponsored by The Electrochemi- 
cal Society, Inc., and the U. S. Air Force Office of 
Scientific Research which was held in Philadelphia in 
May, 1959. While virtually all phases of fundamen- 
tal investigations of electrode processes are covered, 
emphasis has been placed on new research develop- 
ments and, more specifically, on hydrogen discharge 
kinetics, electrodeposition and dissolution of metals, 
the electrical double layer, adsorption phenomena, and 
the kinetics of fast electrode processes. In addition 
to the important papers offered, the book also contains 
the extensive and extremely analytical discussion that 
revolved around the papers. 1961. Approx. 484 
pages. Prob. $20.00. 


MINERALS FOR THE CHEMICAL 
AND ALLIED INDUSTRIES Second Edition 
By Sydney J. Johnstone, Technical Consultant. 


"1961. In press. 
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190-600 +2°, 20° & 200° 500 1000 
190-600 +1°, 10° & 100° 500 500 


e BASIC SENSITIVITY: 0.001° arc 
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is adjustable along vertical recorder axis 


e NINE SCANNING SPEEDS 


e WAVELENGTH AND TIME-BASE 
DRIVES are easily interchangeable 


Model #260/655/850/810 — 614 


RUDOLPH INSTRUMENTS ENGINEERING CO., INC. 


P. O. Box 265 
OFFICE: 
61 Stevens Ave. at Walnut St. 


LITTLE FALLS 


U. A. 
TELEPHONE: 
CLifford 6-1491 


NEW JERSEY 
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New PHOENIX 
AMINO ACID ANALYZER 
| MODEL K-8000 


Automatic Analysis of 
Amino Compounds in 


Protein Hydrolysates 

Protein free plasma and other 
Physiological fluids 

Tissue extracts 

Hydroponic solutions 

Foods 

Culture media 
Pharmaceuticals 

Adaptable to Phoenix 

Stream Splitting System 5500 


Sensitivity: 0.1 to 3.0 micromoles of 
amino acid with a precision of 100 + 
3%. Useful results at even lower levels. 


PHOENIX PRECISION INSTRUMENT COMPANY 
3803-05 NORTH FIFTH ST., PHILADELPHIA 40, PENNSYLVANIA 


LABORATORY 


Write today for your copy 
of BROTHERS’ catalog... 


BROTHERS. 
CHEMICAL CO. 
ORANGE, NEW JERSEY 


Serving thousands of laboratories with thousands of reagents. 
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BOOK REVIEWS 


with the planned appearance of a com- 
panion volume by the same author which 
will treat nucleic acid function and related 
topics. There is every reason to assume 
that the second volume will be of the same 
high caliber as the first. The combina- 
tion of the two volumes should serve 
admirably in any general course on the 
biochemistry of the nucleic acids. 

Many a lecturer, however, will find 
this first volume to be sufficient for his 
purposes, providing a foundation upon 
which to build structures of his own choice. 
The book is an excellent, ready source of 
up-to-date basic information' of nucleic 
acid chemistry and metabolism. As be- 
fits the title of the book, the material is 
given in semi-outline form. The presen- 
tation is concise and surprisingly complete, 
yet it is unusually lucid. The discussion 
of experimental methods is brief or lacking, 
but references to the original literature are 
numerous. Factual material is empha- 
sized, but present areas of uncertainty are 
clearly indicated and the opinions and the 
philosophy of the author are refreshingly 
apparent. 

The major defect of the book, consid- 
ering it as an attempt to provide a broad, 
minimal background of the chemistry and 
metabolism of the nucleic acids, is the 
absence of information on the chemical 
synthesis of mono and oligonucleotides and 
on the physical properties of the poly- 
nucleotides, natural an(i synthetic. This 
deficiency is recognized by the author, 
and, it is to be hoped, may be removed in 
a future edition. 
James L. 
Michigan State University 

East Lansing 


Substitution at Elements Other Than 
Carbon 


C. K. Ingold, University College, 
London. The Weizmann Science Press 
of Israel, Jerusalem, 1959. 52 pp. 6 
figs. 5 tables. 15 X 22 cm. $1.75. 
(Distributed by the Weizmann In- 
stitute of Science, Rehovot) 


This book contains two chapters which 
summarize 4 lectures delivered by C. K. 
Ingold on the occasion of the 5th Weiz- 
mann Memorial Lecture Series, May, 
1958. The first is entitled ‘‘Nucleophilic 
Substitution at Octahedral Metal Atoms, 
in Particular Cobalt’? and the second 
“‘Electrophilic Substitution at Nitrogen 
and Oxygen.” 

The discussion in Chapter I is based on 
the premise that the more complicated 
mechanisms of substitution of ligands of 
complex ions are best understood when 
compared with the simpler nucleophilic 
substitutions at carbon. The lecturer 
developed an interpretation based on 
available rate and stereo chemical data 
which he characterizes thus: ‘‘I do not 
dare to hope that the interpretations I 
have suggested are correct in their en- 
tirety. But I do believe them sufficiently 
to think they are more likely to be modified 
than scrapped.” 


(Continued on page A436) 
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Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCTS 


BIO-COLORIMETERS e GLASS ABSORPTION CELLS 
COLORIMETER NEPHELOMETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y 


New Books from PERGAMON 


THE BEHAVIOR OF PLASTICIZERS 
by |. Mellan 
This is a new approach to the treatment of plasticizers, 
and covers recent advances in a way no other book hes 
done. $8.00 


CHEMISTRY OF ORGANIC 


FLUORINE COMPOUNDS 
by M. Hudlicky 
This book gives a short, but complete picture of the present 
state of the chemistry of organic Auorine compounds, with 
all the data and knowledge necessary for carrying out 
laboratory research in this field. ° 
In preparation. $15.00 


Intemational Series of M Nuclear Energy: Division V 


RADIOACTIVE WASTES, THEIR 


TREATMENT AND DISPOSAL 
by C. B. Amphlett 
Because of their activity and biological toxicity, the waste 
products from the processing of irradiated nuclear fuels 
oe special problems in relation to treatment and disposal. 
he book discusses comprehensively the many aspects in 
dealing with these problems. In preparation. $12.00 


JET PROPULSION FUELS 

by N. A. Ragozin. 

The physico-chemical properties and operating charac- 
teristics of fuels used in aviation turbojet and turbo-prop 
engines are described in this important and topical work. 
The fuel specifications are ai for the main fuel types 
employed in the U.K., U.S.A., U.S.S.R., France and Swe- 
den, and representative laboratory data are included. 


In preparation. $8.50 
CLAYS AND CLAY MINERALS 
Proceedings of the 8th National Conference of Clays and Clay Minerals 
Edited by Ada Swineford 
Written at a technical level for mineralogists, crystallog- 
raphers, physical chemists, soil scientists, ceramists and 
civil engineers, this volume includes research papers in- 
volving many aspects of clay technology and clay mineral- 
ogy. It stresses clay-water systems and clay-geochemical 
prospecting. $9.5 


A SHORT TEXTBOOK OF COLLOID CHEMISTRY 


by B. Jirgensons, M. E. Straumanis 

The second enlarged and revised edition of a book cover- 
ing the whole field of colloids, including organic colloids, 
emulsions, foams and aerosols. All types of inorganic 
and organic colloids are treated, emphasizing the effects 
of particle size and shape on the properties of sys- 
tems. The experimental procedures are described in 
sufficient eal onten the methods now used in indus- 


trial and clinical laboratories. In press. $10.00 
ORGANIC SULFUR COMPOUNDS Volume | 
Edited by Norman Kharasch. 


The first of a series of volumes that will present brief, au- 
thoritative, well-documented articles on current aspects of 
organic sulfur compounds. In press. $20.00 


ADVANCES IN POLAROGRAPHY 
Proceedings of the Second International Congress, Cambridge. Three 


Volumes 
Edited by |. S. Longmuir 
These three volumes contain over 100 contributions pre- 
sented at this conference, which was attended by scientists 
from all over the world. $45.00 


VACUUM TECHNOLOGY TRANSACTIONS— 
Proceedings of the Seventh National Symposium 
Edited by C. Robert Meissner 
This important book records the proceedings of the 
Seventh National Symposium held in Cleveland, Ohio. 
Nearly 1,000 engineers and scientists came to the sym- 
- posium, and over 70 papers were presented, written by 
123 authors and co-authors, from 67 different “7 


PERGAMON PRESS 


122 East 55th Street, New York 22, N. Y. 
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A NEW 
HEAVY 
ALUMINUM 
CASE 


other 
improvements 
make this 
popular 
heavy-duty 
balance 

better than ever! 


Troemner Model 195-B. Sensitivity 0.1 
gram; capacity 3 kilograms. $100. 


or redesigned for all-around 
laboratory use, Troemner Models 
195-B and 2-89B are now set in a 
very sturdy aluminum case with 
chemical-resistant blue-gray finish. 


Choose according to desired capacity 
and sensitivity: Model 195-B has 
capacity of 3 kg., sensitivity of 0.1 g.; 
price $100. Model 2-89B has 6-kg. ca- 
pacity, 0.2-g. sensitivity; price $115. 
Weigh beams on both models are 
graduated either in grams or in 
ounces. Pans or flat plates are of 
polished stainless steel. A modern 
index tower protects the easy-read- 
ing pointer. Sliding and locking tare 
weight. 

For fast, accurate day-to-day deter- 
minations, these balances belong in 
every modern research laboratory. 
See your dealer or write us for 
information. 


HENRY TROEMNER, INC., 226 & master Sts., pita. 21, Pa. 
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BOOK REVIEWS 


In Chapter II the lecturer dealt with 
nitration and nitrosation in his usual 
thorough manner. First he indicated the 
possible species that could be the reagent 
and showed the kinetic form that the rate 
equation should have for each. Com- 
parison of the experimental results with 
the kinetic forms expected gave strong 
indications as to the nature of the reactive 
species under different conditions. This 
chapter gives a convenient summary of 
the mechanism of nitration and nitrosa- 
tion. 

This short book is worthy of inclusion 
in a chemists’ personal library. 


Joun D. REINHEIMER 
College of Wooster 
Wooster, Ohio 


Radioisotope Techniques 


Ralph T. Overman, Oak Ridge Insti- 
tute of Nuclear Studies, and Herbert 
M. Clark, Rensselaer Polytechnic In- 
stitute, Troy, New York. McGraw- 
Hill Book Company, Inc., 1960. xiv 
+ 476 pp. Figs. and tables. 16 X 
23.5 cm. $10. 


This book is the outgrowth of courses 
given over the past years at ORINS and 
Rensselaer Polytechnic Institute, places 
where instruction in the use of radioiso- 
topes is more varied and where facilities 
are somewhat more extensive than at most 
colleges and universities. 

The first chapter treats in 24 pages 
‘Nuclear Radiations and Their Inter- 
actions with Matter,” topics which occupy 
at least a third of a one-semester course 
given by the reviewer. The second chap- 
ter encompasses discussion, with illustra- 
tions, of the common detectors of indi- 
vidual events as well as the associated 
instrumentation such as discriminators 
and differential pulse height analyzers. 
No discussion of electronic circuitry is 
included. The same chapter very briefly 
mentions chemical and photographic do- 
simeters. At the end of this and of each 
subsequent chapter, several experiments 
are described incorporating and supple- 
menting the textual material of that 
chapter. 

Chapter 3, on errors in radioactivity 
measurements, is a mature general errors 
treatment from which the authors lead 
to the application of radioactive disinte- 
gration. Chapter 4 deals with practice 
of radiological safety. The next three 
chapters deal, respectively, with tech- 
niques of preparation of radioactive 
sources, laboratory characterization of 
radiation, and standardization of radio- 
active sources and calibration of detectors. 
Rather late in the reviewer’s opinion 
comes the treatment of radioactive decay 
and growth kinetics in Chapter 8. This 
is the first text to present the counting 
procedure for determination of relatively 
short half lives of about one minute. 

Chapter 9, on radiochemical separation 
methods, seems to be in exile, quite re- 
moved from the earlier chapters on tech- 
niques of handling of radioisotopes. 


(Continued on page A438) 


THIS TUBING 
CAN SAVE YOU 


MONEY 


This special CorNING® flint glass 
tubing and rod give you ease of 
forming, strength, and topflight trans- 
parency. They are | pee up to 50% 
lower than PyrReEx® tubing and rod. 
They are available immediately. 

We developed CorNING brand 
0088 flint glass just for the making 
of low-temperature-service tubing 
and rod. In uses near room tempera- 
ture, it resists chemicals almost as 
well as Pyrex brand glasses. 

A statistical profile: coefficient of 
expansion, 92 x 10-*; softening point, 
700°C.; annealing point, 521°C.; 
strain point, 480°C. 

We put this glass into apparatus 
tubing with outer diameters which 
range from 3 to 51 mm, in capilla 
and barometer tubing with inner di- 
ameters from 0.5 to 4 mm, and in 
rod with diameters from 3 to 12 mm. 
All are furnished in 48-inch lengths. 
_ You can get any type in any quan- 
tity, quickly. For information on our 
entire tubing and rod line, write for 
Bulletin TBG-88. 


CORNING GLASS WORKS 
4 7606 Crystal St., Corning, N. Y. 
CORNING MEANS RESEARCH IN GLASS 
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HELLER 


ELECTRONIC 
CONTROLLED 


@ CONSTANT TO 


RQUE 


VARIABLE DC SPEEDS FROM AC LINES ) 


@ Thyratron tubes on the Heller 
GT-21 controller supply demanded 
current by converting power in 
stepless variation to the direct 
current motor. Assures constant 


viscous or fluid. Variable, reversi- 
ble motor has direct and gear 
drive. Armature shaft speed, 
0-5000 rpm. Gear shaft 18:1 ratio. 
Chuck, shafts, 3-step pulley 


DIFFERENTIAL 
PHOTOMETER 


For Comparative or Absolute Light Measurements 


Eldorado's Model 210 Photometer measures the intensity 
difference between two light sources—or it can measure 
and record the intensities of the two sources independently. 
Highly sensitive, stable, and accurate, the instrument is espe- 
cially suited for work in such fields as stellar photometry and 
for measuring fluorescence, phosphorescence and lumines- 
cence. Model 210 operates with all types of photomultiplier 
or phototubes and includes two individually adjustable high 
voltage supplies. 

BASIC DATA « ACCURACY, +1% each channel % STABILITY, +0.1% 


per channel per day * MAX. SENSITIVITY, full scale deflection ob- 
tained with 1% change of either input from equal input condition 


included, 
Order from your Laboratory Supply Dealer or write— 


GERALD K. HELLER CO. 


2673 South Western Street © Las Vegas, Nevada © P. 0. Box 4426 


torque as mixes become either 


%* RANGE, 1, 10, 100 millimicroamperes; 1, 10 microamperes (full 
scale values) * PRICE, $1525 including detector assemblies and 931A 
photomultiplier tubes. Other photomultiplier tube options available. 


22 For more details, write for Technical Bulletin D-210. 


Eldorado Hlectronics 


2821 Tenth Street * Berkeley 10, California * Phone: THornwall 1-4613 


for trouble-free filtration use 


These can be ignited to extremely high tempera- 
tures without cracking of the filtering discs or 
alteration of the pore size. Easily cleaned and 
made ready for re-use. Carefully controlled pore 
sizes in 3 ranges for bacteriological separations 
and filtering of fine and coarse precipitates. 


Special forming techniques have resulted in a 
porous disc formed into the crucible wall in such 
a way as to prevent cracking or dropping out dur- 
ing ignition or use. Made of the same high quality 
materials as Coors Chemical Porcelain, the disc 
will not disintegrate when acids (except HF) or 
moderate alkaline solutions are in contact with 
the porous medium. 


Write for Bulletin 


COORS PORCELAIN COMPANY c 


OLDEN, 
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BOOK REVIEWS 


The last chapter appropriately is on 
applications of radioisotopes to the solu- 
tion of many problems some of which are 
uniquely solved by use of tracers. After 
each chapter and especially after Chapter 
10 are numerous, usually non-critical, 
references to other texts, reference books 
and the journals. 

A set. of 36 problems appears after 
the last chapter. They span the material 
covered in the text but are less challenging 
and less numerous than would be desired 
to stimulate mature thinking. Of the 11 
appendixes supplied, ‘the most useful 
was the list of thermal neutron activation 


cross sections together with isotope abun- 
dances and half lives of activities pro- 
duced. 

After a semester’s experience in the 
use of this text in a radiochemistry course, 
the reviewer is all the more convinced that 
textbooks should emphasize principles. 
Specialized setups for radioactive meas- 


urements are so numerous and so much. 


in a state of flux that any catalog of them 
rapidly becomes archaic. The mood of 
“Radioisotope Techniques’ is more that 
of a cook book than that for stimulation 
of student thinking. Since the principles 
are superficially discussed and are inter- 
meshed with the laboratory instructions, 
one experiences difficulty in the use of the 
text as a reference book for other than 


A rational system for analyzing minute 
samples with familiar laboratory techniques 


CELL ASSEMBLY 


COLEMAN ULTRAMICRO 
ANALYTICAL PROGRAM 


This Program capitalizes on the 
versatile Coleman Junior Spec- 
trophotometer, extending the 
scope of this time-tested instru- 
ment into the ultramicro range. 

It brings to the Junior all the 
equipment and reagents required 
for 12 vital clinical procedures, 
applied to 20 microliters or less 
in volume. It includes a new, 
self-emptying ultramicro cell 
with a full 1 cm light path; a 
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STANDARD SCIENTIFIC 


micro-centrifuge; precision ultra- 
micro titrator and 12 analytical 
procedures, each complete with 
its own set of reagents and volu- 
metric dispensing equipment. 

The Coleman Ultramicro Ana- 
lytical Program detracts in no 
way from the Junior's routine 
macro and micro capabilities... 
thus it far surpasses, in value 
and versatility, any system offer- 
ing micro analysis alone. 


CAT. NO. JC46900................ $1134.25 


808 BROADWAY | 
NEWYORK3,.NY 


advice on procedures. Equations are 
presented as formulas rather than as 
relationships linked to fundamental con- 
cepts. 

It is expected that this book will be used 
principally by instructors in choosing 
appropriate experiments for laboratory 
sessions. 

James E. Sturm 
Lehigh University 
Bethlehem, Pennsylvania 


Advances in Organic Chemistry: 
Methods and Results. Volumes 1 and 2 


Edited by Ralph A. Raphael, Univer- 
sity of Glasgow, Scotland, HZ. C. Taylor, 
Princeton University, Princeton, New 
Jersey, and Hans Wynberg, Rijksuni- 
versiteit, Leiden, Netherlands. Inter- 
science Publishers, Inc., New York, 
1960. Volume 1: ix + 387 pp. Figs. 
and tables. 16 x 23.5 cm. $12. Vol- 
ume 2: vii+ 504 pp. Figs. and tables. 
16 x 23.5 cm. $15. 


These are the first two volumes of an 
intended series. The stated objective is 
to present “‘articles providing a critical 
appraisal and evaluation of new aspects 
ripe for further development, and of novel 
extensions to well-established methods.”’ 

Each volume contains a number of 
separately authored chapters. The chap- 
ter titles are, in Volume 1: The Kolbe 
Electrolytic Synthesis, Polyphosphoric 
Acid as a Reagent in Organic Chemistry, 
The Wittig Reaction, Hydroxylation 
Methods, The Selective Degradation of 
Proteins, and Optical Rotatory Dispersion 
and the Study of Organic Structures; 
in Volume 2: Alkenylmagnesium Halides, 
Dialkoxydihydrofurans and Diacyloxydi- 
hydrofurans as Synthetic Intermediates, 
Ethynyl Ethers and Thioethers as Syn- 
thetic Intermediates, Ketene in Organic 
Synthesis, Nuclear Magnetic Resonance 
in Organic Structural Elucidation, Hy- 
drogenation-Dehydrogenation Reactions, 
Ultraviolet Photochemistry of Simple 
Unsaturated Systems, and The Chemistry 
of Muscarine. All chapters are written 
authoritatively. The scientific standard 
is high. 

The general character of these two vol- 
umes is much like Chemical Reviews. 
The several articles differ in type of ma- 
terial, in emphasis and in style just as do 
contributions to that journal. A point 
of difference is that these ‘‘Advances,’’ 
no doubt owing to a more aggressive 
editorial approach, generally deal with 
topics more central to the main stream of 
organic chemistry. 

Some of the articles, those which ad- 
here most closely to the aim of the series, 
sketch a balanced picture of a method 
(physical or organic chemical) of great 
current utility. Others go into ex- 
haustive, even painful detail on synthetic 
methods of narrower scope. All but 
one of the chapters on synthesis give a few 
representative experimental procedures, 
a laudable feature. A few give extensive 
tables reminiscent of ‘‘Organic Reactions.”’ 
One article presents the detailed chemistry 
of an alkaloid (muscarine), and seems out 
of place. 


(Continued on page A440) 


i 
REAGENTS 
Ano 
A 


This 100-page book on the desiccating agent 
which has served the chemical and engineering 
industries for 25 years will be sent to you without 
obligation. 


“DRIERITE AND ITS APPLICATIONS” 
provides useful data on the relations of water 
vapor to air and other gases, an outline of the 
properties and behavior of DRIERITE, and 
illustrations of equipment designed for particu- 
larly drying processes. 


The original scientific papers are reprinted in 
full: 


SOLUBLE ANHYDRITE AS A 
DESICCATING AGENT 


1. Preparation & General Characteristics 
2. Drying of Organic Liquids 


The book is completely indexed with many 
references to regeneration, laboratory pro- 
cedures and methods, and industrial practices. 


There will be no sales follow-up to your request. 


W. A. HAMMOND DRIERITE COMPANY 


Xenia, Ohio 


NEW waco 
LO-TEMP BATHS 


Controlled Cooling and Heating 
Minus 10° C to Plus 65° C 


@ WIDE RANGE Visibility bath with BOTH mechanical 
refrigeration and heating! Provides constant tempera- 
ture from Minus 10°C to Plus 65°C using 10” of liquid 
in a 12” uninsulated pyrex jar. Using less liquid Minus 
20°C is obtainable. 


e@ SENSITIVITY Mercury thermoregulator and a 
WACO Thyratrontube Relay controls operation of the 
compressor and heating unit within plus or minus .01°C. 


ALREADY USED FOR—Viscosity vapor pressure and other physical 
data determination, organic synthesis. ASTM petroleum tests, 
etc. Also as COOLANT CIRCULATING SYSTEM for spectro- 
photometers, refractometers, distillation condensers. 


NO. E882 WACO LO-TEMP REFRIGERATED BATH 
with Pyrex jar 12” diameter. For 115 volt 60/60 cycle 


NO. E884 WACO RECTANGULAR REFRIGERATED 
BATH. Inside dimensions 29” long x 14” wide x 10’ 
deep. Range MINUS 35°C to PLUS 50°C. Three- 
wall insulated construction.................... $955 .00 


e Other sizes and many accessories available to fit your 
needs. Please write for WACO BATH BULLETIN E-6 
or complete information. 


x LABORATORY SUPPLIES AND CHEMICALS 


4525 W DIVISION ST. + CHICAGO 51, ILLINOIS 
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STRENGTH 
and to spare 


® 
Nalgon 
PLASTIC TUBING 


When Nalgon flexes its 
tough, plastic sinews, you’ve 
got strength. A tensile 
strength of 1800-1900 psi 
means Nalgon can take it. 
This husky, unbreakable 
vinyl plastic tubing does the 
job where other tubings 
can’t measure up. In plant, 
laboratory, or hospital . . . 
wherever tubing strength is 
important . . . the choice is 
Nalgon. Other character- 
istics are high chemical re- 
sistance, amazing flexibility, 
and visual clarity. 

More about Nalgon? Sure. 
It’s heat resistant, trans- 
parent, non-toxic, non- 
contaminating, completely 
neutral, low-cost*, and 
comes in 40 diameters. All 
that, and strength, too! 
Write Dept. No. 186N for 
additional information and 
sample. 

*14” ID. costs less than 15c per foot. 


ry THE NALGE CoO., INC. 
ROCHESTER 2, NEW YORK 


The Quality Standard 
of Plastic Laboratory Ware 
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BOOK REVIEWS 


These volumes are addressed to re- 
searchers who contemplate use of the 
methods discussed. Little attention has 
been given to the less intensive reader 
(e.g., the graduate student studying for 
cumulative exams) who seeks an author- 
itative summary of the highlights, rather 
than a thorough treatment. A few 
chapters are exceptions to this statement, 
and for a few topics (such as nuclear 
magnetic resonance) abbreviation would 
not be consistent with fidelity to the 
subject. Readers of all types would be 
served by a two or three page introduction, 
where feasible, covering the salient points. 
It is hoped that articles in future volumes 
will contain such sections. 

The books are sturdily constructed and 
attractively printed, with an abundance 
of lucid structural formulas. 

In considering whether to buy these 
volumes, one must note that several 
articles deal with subjects ably presented 
in other current reviews or books. Not- 
withstanding, acquisition is essential for 
libraries of institutions with a serious 
interest in organic research. Purchase 
by individual organikers is also easily 
justified. 


JosEPH F, BUNNETT 

Institut fiir organische Chemie 
der Universitat Miincken 
(regularly at Brown University, 
Providence, Rhode Island) 


Style Guide for Chemists 


Louis F. Fieser, and Mary Fieser, 
both of Harvard University. Reinhold 
Publishing Corp. New York, N. Y. 
1960. vi + 116 pp. 16 X 23.5 em. 
$2.95. 


“We chemists are not concerned with 
creative writing, nor do we aspire to any 
real artistry. Our objective is to make 
our technical writing clear, understandable, 
forceful and interesting.’ (Fieser and 
Fieser, ‘‘Style Guide for Chemists,’’ p. 51.) 

The purpose of scientific writing is the 
communication to others of ideas and 
experience. Any feature of such writing 
not directed to this purpose must be 
avoided by those who wish to write well. 
A brief but very valuable guide to effective 
writing in the chemical field has now been 
provided by the Fiesers; the principles 
set forth are surely applicable to scientific 
writing in all fields, and do not differ from 
those governing effective writing in any 
field. 

Good writers are made, not born, 
and Louis Fieser has taken pains not 
only in this book but elsewhere to give 
examples from his own early papers of 
poor and ineffective writing. He is 
now universally regarded as one of the 
most competent writers now practicing 
in the chemical field, and we can all 
profit by the experience and knowledge 
he and his able collaborator, Mary Fieser, 
have acquired in the process of becoming 
good writers. 


(Continued on page A442) 


Scientist Sam 
at the bench 
Working hard, 
working late | 
Fluctuating temperatures 
_ Upset his reaction | 
rate — 


* VERSATILE 


Use on Manometers, too! 


* SENSITIVE 


to a fraction °C 


* ECONOMICAL 


Saves time, Saves money 


f= TEMPERATURE 
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DISTILLATION 
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THERM:O-WATCH- 
MANOMETER can sound 
@ PRESSURE 


write for 
Bulletin S-5 
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BOOK REVIEWS 


The book is in essence a “how to’’ 
rather than a ‘‘why’’ book, and the 
Fiesers are quick to point out that the 
principles of usage are those set forth 
by such authorities as H. W. Fowler 
(“Modern English Usage,’’ Oxford Univer- 
sity Press, 1926, 1958), H. W. Fowler and 
F. G. Fowler (‘‘The King’s English,” 
Oxford, 1926, 1954), W. Strunk, Jr. 
and E. B. White (“‘The Elements of Style,”’ 
Macmillan, 1959) and others. To these 
I would add Sir Earnest Gowers (‘Plain 
Words, Their ABC,’’ Alfred A. Knopf, 
1957). 

Appropriately, the book begins with 
a discussion of concise writing, and 
proceeds then to a treatment of a number 


of grammatical points which give much 
trouble. Word choice is treated in an 
important chapter, and a short but pithy 
chapter dealing with style, the burden 
of which is that we can do nicely without 
style, is well worth the attention of us all. 

Two chapters not dealing directly with 
writing, one on pronunciation and one on 
speaking, are included. The first of these 
is likely to prove the most controversial 
part of the book, although the authors 
quite clearly have no wish to provoke 
controversy. Our prejudices as to pro- 
nunciation are formed early and cherished 
late, and no realist expects much change 
in those of us whose habits have been 
formed. The Fiesers recognize this, and 
hope their recommendations may be of 
guidance to those whose prejudices have 
not yet solidified. 

The chapter on speaking is brief, but 
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presents many practical points taken from 
the experience of one of the acknowledged 
master teachers of our time. 

Editors are perhaps more sensitive than 
most to the faults the Fiesers’ book is 
designed to correct. Certainly an editor’s 
life would be easier, and what is vastly 
more important, our chemical literature 
would be clearer, more concise, more effec- 
tive and more interesting if those who 
write, particularly those younger men 
just embarking on productive scientific 
careers, would ‘‘read, ponder and inwardly 
digest’’ the Fiesers’ fine little book. 


MARSHALL GATES 
’ University of Rochester 
Rochester, New York 


Comparative Biochemistry. Volume 1, 
Sources of Free Energy 


Edited by Marcel Florkin, University of 
Liége, Belgium, and Howard S. Mason, 
University of Oregon Medical School, 
Portland, Oregon. Academic Press, 
Inc., New York, 1960. xxv + 590 pp. 
Figs. and tables. 16 X 23 cm. $18. 


This book is Volume 1 of a four-volume 
“Comprehensive Treatise’ on compara- 
tive biochemistry, which is being edited 
by Florkin and Mason to fill the need, 
as they say, for a “sound, critical and 
provocative summary of present knowl- 
edge in the field.”” Volume 2, ‘Free 
Energy and Biological Function’ ap- 
peared some time ago; the present volume 
deals with “Sources of Free Energy.”’ 

Besides a guide to nomenclature and 
classification of organisms, and an In- 
troduction by the Editors, Volume 1 
includes chapters on Thermodynamics of 
Living Systems by H. Eyring, R. P. 
Boyce and J. D. Spikes; Comparative 
Mechanisms for Fatty Acid Oxidation 
by P. K. Stumpf and G. A. Barber; 
Phosphoric Acid Anhydrides and Other 
Energy-Rich Compounds by F. M. 
Huennekens and H. R. Whiteley; Onium 
Compounds and Their Biological Sig- 
nificance by G. L. Cantoni; Phototropism 
and Photoaxis by K. V. Thimann and 
G. M. Curry; The Distribution and 
Evolution of Visual Systems by G. Wald; 
Aerobic and Anaerobic Reactions of 
Inorganic Substances by C. Fromageot 
and J. C. Senez; Comparative Biochem- 
istry of Glycolysis by E. Bueding and 
E. Farber; Comparative Biochemistry 
of Electron Transport by E. E. Conn; 
and Utilization of Thermal Energy by 
Living Organisms by M. B. Allen. 

The individual contributions range 
from poor to extremely fine, and the gen- 
eral level is very good indeed. The 
section by Eyring is far below his usual 
standard; he and his collaborators have 
attempted to summarize all of thermo- 
dynamics and the theory of absolute re- 
action rates in 60 pages and have suc- 
ceeded only in creating confusion. On 
the other hand, Wald’s article on visual 
systems is a pure delight, admirable for 
its ideas and sprightly in its style. Can- 
toni’s paper on onium compounds is a 
splendid example of a solid piece of work; 
it gives all the information one could 
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possibly ask, documents it thoroughly 
with references, and discusses all aspects 
of the subject quite soundly. 

There is not space here to, discuss each 
of the other papers individually. They 
vary widely, however, in the amount of 
detail which they give, so that some of the 
papers (Bueding and Farber, Allen) would 
be worthwhile reading as a brief introduc- 
tion for those not familar with the field, 
whereas others (Huennekens and White- 
ley) could serve as critical summaries, of 
interest even to specialists. 

Despite the generally high quality, the 
volume has many flaws which are at- 
tributable to deficient editing. It seems 
to this reviewer that the editors should 
take the responsibility not only for solicit- 
ing contributions, but also for making 
sure that the papers are written clearly 
and in good English, and for seeing that 
everything necessary for easy compre- 
hension is included. For example, the 
guide to nomenclature and classification— 
an excellent idea—fails to-include many 
of the taxonomic groups to which repeated 
reference is made by the various authors; 
if the scheme were just a little more de- 
tailed it would be several times as useful. 
The excellent article by Cantoni contains 
long tables of structural formulas of 
onium compounds, without the names, 
and a text full of names without formulas. 

These instances could be multiplied 
many times; the reviewer did not find a 
single paper which would not have been 
improved by careful editing. 
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This addition to the series maintains the 
high standards set by previous volumes. 
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familiar of which are a benzyne synthesis 
and a free radical coupling of an aliphatic 
radical. The products run the gamut of 
organic compounds, from aliphatic and 
aromatic hydrocarbons to heterocyclics to 
several ferrocene derivatives. The usual 
care in listing dangers and precautions has 
been taken. The notes on the reactions 
are extensive, even to the point of naming 
the type of stirring motor required for 
efficient stirring. A new feature, point 
4 under several of the syntheses, is the 
listing of uses of the products. The re- 
viewer finds this additional information 
valuable. While most of the syntheses 
were submitted by American chemists, a 
few came from overseas. 


Joun D. REINHEIMER 
College of Wooster 
Wooster, Ohio 


PURE FUSED QUARTZ 


LABORATORY WARE 
OF HIGHEST PURITY 


e For excellent thermal shock resistance, and 
inertness 

e For guarding the real purity of your com- 
pounds in crucibles, retorts, muffles, dishes, 
tanks, pots, trays 

e@ For outstanding electrical prepertics, 
strength, impermeability in ball & socket 
joints, standard taper joints, graded seals 

e@ Quartz to metal seals 


A wide variety of laboratory ware is available in 
all types and sizes. Also, we fabricate to your 
specifications. See our ad in Chemical Engineer- 
ing, Electronic Engineers Master and Electronic 
Designers’ Catalogues. 


Write for complete, illustrated catalog. 


THERMAL AMERICAN, 
- | FUSED QUARTZ CO., INC. 
¥/ 18-20 Solem Street; Dover, New Jersey 


: e 
é 


Now auailalde... 
TEN YEAR CUMULATIVE INDEX 


JOURNAL OF 
Chemical 
Education 


Volumes 26 through 35 
(1949-1958) 


This index has 
been prepared 
with the special 
interests of the 
J.-Chem.-Ed. 
user in mind. 
Not only are 
the conven- 
tional entries 


title, 
inverted 
title, but 
many suggestive subject listings have been used. For ex- 
ample, reference to an article entitled ‘Infrared Spectra of 
Chemisorbed Molecules’’ can be found under “acetylene,”’ 
one of the compounds discussed. Preparation of the index 
involved hundreds of hours. of careful checking not only of 
annual indexes, but the original articles for subject content. 


For the busy teacher the index will be a valuable time 
saver. Students will find it to be an excellent place to start 
on a term paper assignment. For those preparing text or 
laboratory materials it will be an indispensable first-place-to- 
look for reference to both J. Chem. Educ.-type review articles 
and to reports of successful experiments in teaching. The 
more than 5000 subscribers who have begun their personal 
files of the Journal in recent years will find that this one small 
volume puts extra years of the “living textbook of chemistry”’ 


on their shelves. $2.50 per copy 
(Postpaid) 
SAVE $2.00 
10 year Cumulative Index 
$2.50 
25 year Cumulative Index 
$4.00 


Buy both for only $4.50* 


*A limited number of copies of the 25 year Cumulative 
Index have been set aside for this special offer. Take 
advantage of this saving by ordering today! 


CHEMICAL EDUCATION PUBLISHING CO. 


20th & Northampton Streets = ¢ Easton, Pennsylvania 


THANK YOU FOR 
YOUR CONFIDENCE 


JCE’S subscription list is growing 
by leaps and bounds. In the space 
of the last 12 months, paid circula- 
tion rose by over 10%! This is a 
great tribute to the Journal of 
Chemical Education’s unique edi- 
torial service. 


But it is a tribute, too, to the valu- 
able information that is found in our 
advertising columns. Advertising 
volume has also increased by almost 
15%! You can help JCE continue 
to grow more and more useful to 
you by encouraging our advertisers 
with those sweet words, “our inquiry 
is prompted by your ad in JCE.” 


What readers say about 


SELECTED READINGS IN GENERAL CHEMISTRY 


Compiled by WILLIAM F. KIEFFER, Editor 
Journal of Chemical Education 


and ROBERT K. FITZGEREL 
Kansas Junior College 


p> “...anextremely useful addition to my teaching aids.” 
p> “...afine idea, well conceived and well executed.” 
ie 


“It has a very good blend of technical articles and articles 
which give a broad view of chemistry, and it should be of great 
interest and help to chemistry students and teachers.” 


“‘...very interesting ...a fine start on what could develop into 
a series.” 


“Ahandsome, interesting and very useful book.” 


84%" x 11\ illustrated 128 pages 
Single copies....... $2.00 each 
10-19 copies....... 1.75 each 
20 or more copies.. 1.50 each 


(all postpaid) 


CHEMICAL EDUCATION PUBLISHING CO. 
20th & Northampton Streets ¢ Easton, Pennsylvania 


Volume 38, Number 6, June 1961 / A445 


JOURNAL hem 
Ed fion 
ss 20 °° 
\ made by 
author, 
4 


APPARATUS 
EQUIPMENT 


CHEM ED BUYER'S 


CHEMICALS 
SERVICES 


ALL PURPOSE 


ABORATORY 


TIMER 


FEATURING: 
3600 Settings Giant 8” Dial 
Split-Second Accuracy Portable Models 
Automatic Switching Panel Mount Models 
Built-in-Buzzer Precision Construction 
WRITE FOR COMPLETE CATALOG! 
DIMCO-GRAY COMPANY 
208 E. Sixth St. Dayton, Ohio 


RARE and FINE ORGANICS 


o-TOLUALDEHYDE 
m-TOLUALDEHYDE 
p-TOLUALDEHYDE 


m-FLUORO BENZALDEHYDE 
p-FLUORO BENZALDEHYDE 


I o-NITRO BENZALDEHYDE 
m-NITRO BENZALDEHYDE 
p-NITRO BENZALDEHYDE 


o-BROMO BENZALDEHYDE 
m-BROMO BENZALDEHYDE 
p-BROMO BENZALDEHYDE 


Write for Free Catalog #3 
#4 is in Preparation Now 


Incorporated 
177-10 93rd Ave., Jamaica 33, N. Y. 


o-FLUORO BENZALDEHYDE | 


| VANADYL ACETATE | 
VANADYL OXALATE 
VANADIC SULFATE 
Some of the many special chemicals we 
| manufacture 


* Write for our list of rare taaiools | 
%) CITY CHEMICAL CO 


132 W. 29nd St. | 


@ CRYSTAL LATTICE MODELS 

@ POLYETHYLENE LABWARE 

@ TEACHING AIDS FOR CHEMISTRY 
AND PHYSICS 


Write for Catalogs 


J. KLINGER 


cap any me nt appara- 
reaches 400° lessly 
6 minutes. 

TEMP is useful to 500°C 
a renders obsolete the usual 
combination of hazardous fluid- 
type bath plus sluggish high 
temperature block. Heater is 
controlled by variable trans- 
former and excellent viewing is 
rovided by built-in light and 
lens. Attractive gray hammer- 
tone base occupies only 4”x5”. 


only $97.50 includes 
400°C thermometer and m.p. capillar- 
jes. F.0.B. destination in U.S.A. from stock. 

Write for LABORATORY DEVICES 
Bulletin 60 p.o, BOX 68, CAMBRIDGE 39, MASS. 


SPECIFY KERN 


When you want to 

combine accuracy 

and efficiency in a 

sturdy instrument 

moderate price 
specify 


KERN 


POLARIMETER 


available through your lab supply dealer 
Ask for Bulletin KP 567 


5 Beekman 
KERN COMPANY 35 


N-Hydroxyphthalimide 
2,6-Dichlorobenzaldehyde 
Also Custom Syntheses 


FRINTON Laboratories 
Box 707, Vineland, N. J. 


HEXANEDIOL-1,6 
DECANEDIOL-1,10 
PROPANEDIOL-1,3 
ANILINE SULFATE 
CUPROUS BROMIDE 


EP 


Can you use any of these interesting chemicals? 


1-AMINO-4-DIETHYLAMINOBENZENE HYDROCHLORIDE 
Write for listing of other fine organic chemicals. 
EASTERN CHEMICAL CORPORATION °4-4 Spring Street 


a-BROMO-n-BUTYRIC ACID 
E-AMINO-n-CAPROIC ACID 
CHLOROHYDROQUINONE 
GLUTARIC ACID 

SUBERIC ACID 


Newark 4, N. J, 


LAB- GUARD 


WIDE-ANGLE PROTECTIONj 180°, 360° 
Send for brochure: Model 16-30 shown_above 


INSTRUMENTS for 
RESEARCH and 
INDUSTRY 


WITH THERM:-O-WATCH- 
MANOMETER can sound 
4 @ PRESSURE 


INSTRUMENTS for 
RESEARCH and 


DISTILLATION 
CONTROLLER 


INSTRUMENTS for 
cand 


sn 


= 


- 


The Journal of Chemical Education 
is a project of the Division of 
Chemical Education of the Ameri- 
can Chemical Society. 
Readers of the Journal are invited to 
affiliate with the Division. Dues are 
$1.50 per year far ACS members. 
Non-members of ACS become associ- 
ates of the Division; dues $2.00 per 
year. 


To become a member or associate, 
send dues to 


WituaAm G. KEsset, Treasurer 


Indiana State Teachers College 


TERRE HAUTE INDIANA 


YOU, TOO, CAN USE 
CHEM ED BUYERS’ GUIDE 


M fact ers, ppli 3, and distributors of 
chemical laboratory equipment and material, 
faced with the problem of promoting one or 
more products which do not lend themselves 
to inclusion in the company’s principal ad- 
vertisements, or which do not justify the use 
of more advertising space, find these small 
units offer just the right size and place for 
publicizing that extra or special item. Here 
is YOUR ideal opportunity to sell that “mar- 
ginal” or miscellaneous article or that new 
gadget! Just $12 per inch on a 12 time basis. 


ow > PP 


= 

yous Guard 4 | 
4 
| 

| K LABORATORIES | your th 
CR... 
= 
| | 
e 

by e e 

| | 
e 
e e 
e e 

I 
1 
Coa A446 / Journal of Chemical Education 


APPARATUS 
EQUIPMENT 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


ANSELL-PLAX 
all-polyethylene 


WASH BOTTLES 


SQUEEZE — 

THAT’S ALL 

Get the you 
t. Can’t bre = 


unaffected by 
strong acids or a 
kalies. Specified 
for use by labora- 
tories everywhere 
overnment,insti- 
tutional, industrial. 


ONLY ANSELL-PLAX, FIRST POLYETHYLENE 
WASH BOTTLE, HAS THE PATENTED* 
DISPENSING ASSEMBLY THAT MEANS 


e NO LEAKING, SEEPING OR NECK SPRAY 


e QUICK, EASY REMOVAL OF CAP 
ASSEMBLY 
6 & 32-0z. sizes. 


individual set-up boxe: 
bags. Call your lab 


use or write us directly. 
*fitment covered by U.S, Patent #2783919 


5. H. ANSELL & SON, INC. 


825 Summer St., Boston 27, Mass. 


WRITE FOR 


NEUTRON 
HOWITZER 


opacity 
GREATER Sefety 


Versatility 


DETAILS AND EXPERIMENTS 


P.O. BOX 208 


U. S. NUCLEAR 


BURBANK, CALIF. 


METALLIC FOILS AND SHEETS 
Send for New Lists 


A. MACKAY, INC. 
198 Broadw 


RARE cxemicars 


New York 38, N.Y. 


EDUCATORS 


Perform realistic science experiments for your 


classes in Chemis , Physics, Biol Botany. 
Agriculture and ineering, with’ M 
Radio ISOTOPES. ow available for = first 


uded. 
tales CE, VIKING EDUCA. 
113 S. Edgemont St., 


Several Models 


Write for Leaflet JCE-SS 
CARGILLE 


store 100 samptes 
IN 2-34” 


SHELF SPACE 


Indexing Features 


117 Liberty Street 
New York 6, N. Y. 


A431 
A412 


Academic Press, Inc..............- 
Ainsworth & Sons, Inc., Wm........ 
Agenc Walter L. Schump Adv. 
Allied Chemical Corp., General Chem- 
yy Hilton, Chesley, Clifford 
ther 


American a Div. of Nalge 


Ageney Wolff Associates, Inc. 
ay om & Co., Inc., H. Reeve........ A413 
ency : Eckstein-Stone, Ine. 
Analytical Measurements, Inc....... A404 
Agency: The Stuart Co. 
Beseler Co., Charles............... A444 


Agency: Marwell Aef., Inc. 
Brothers Chemical Co.........A407 & A434 
Agency: Ray Ellis Adv., Inc. 
Central Scientific Co....... A 
Rickard, Gebhart™ & 


Chem Ruyers’ Guide......A446 & A447 
Coleman ments, Inc.......... A401 
Agency: Hollander & Weghorn & Mor- 


‘0 
Coors Porcelain 
Agency: Galen E. Broyles Adv. 


Agency: The Rumrill Co. 

Curtiss Wright, Princeton ‘Div. A414 & A443 
Agency: Hayden Adv., Inc 

DuPont DeNemours & Co., Inc., E.L., 


Industrial & Biochemicals Dept. A432 
Agency Batten, _ Durstine & 
Osborn, Inc. 
Eldorado Electronics............... A437 
Agency: Bonfield Associates, Inc. 
Agency: Michael W. Schoen Co. 
Fisher Scientific Co................ OBC 
Agency: Fuller, Smith & Ross, Inc. 
Agency: Fairfaz, Inc. 
ROM CO., 
Agency: L. Swain Adv. 
Hammond Drierite Co., W. A....... A439 
416 


Haws Drinking Faucet Co.......... 
Agency: Pacific Adv. Staff 


ADVERTISERS’ 


Heller Co., Gerald K............... A437 
Agency: The Roman Adv. Agency 
Instruments for Research & Industry A440 
Agency: Robert C. Folwell, III 
Kewaunee Mfg. Co., Technical Furni- 
tase Co. A428 
gency: illipps- eray Adv. 
ble Glass Co...... 
gy J. Walter Thompson Co. 
Kontes Glass A430 
Agency: The Shurr Co. 
LaPine Scientific Co................ A418 
Agency: O’Grady-Anderson, Gray, Inc. 
Lionel/Anton Electronics Laborato- 
Agency: Associates 
Macmillan Co., 
Agency: J. M. hae Inc. 
Matheson Co., The.......... A690 
Agency: Leonard M. Sive & Associates 
Matheson Coleman & Bell, Inc...... A448 
Agency: Leonard M. Sive & Associates, 
Mettler Instrument Corp...... 
Agency: Harold Cressingham Adv. 
McGraw-Hill Book Co., Inc......... A429-- 
Nalge Co., The..............A440 & A442 


Agency: Wolff Associates, Inc. 
Nuclear Chicago. ‘ 
Agency: Sidney Clayton & Associates 


INDEX 


A398 & A399 


Ohaus Scale Corp ea 
Agency: Robert M. "Baldwin Co. 
Pergamon Press...... A606 
Agency: Jon-Bruce Associates 
Phoenix Precision Instrument Co. 
Agency: Braun & Miller Adv. 
Picker -Ray Corp 
Agency: Gotham-¥ ladimir Adv., Inc. 
Pioneer Plastics................... A426 
Agency: Bridges-Sharp & Associates 
Precision Distillation Apparatus Co... A441 
Precision Scientific Co.............. A420 
Agency: Wiggers Adv. 
ney: Albert Frank- Guenther Law, Ine. 
Radiation Equipment & Accessories 
ASB 


Agency: Marshall ‘a Koch 


Agency: Al Paul Lefton ‘Adv. 
Reinhold Publishing Corp........... 


Research Foundation, Univ. of Toledo 
Rudclph Engineering Co. 
& Co., 
ency: Meloan, Inc. 
Schicicher & Schuell Co., Carl...... 
Agency: Wildrick & Miller, Inc. 
Scientific Glass Apparatus Co., Inc... 
Scientific Industries, Inc...... 
Agency: Black & Musen, Inc. 
Standard Scientific Supply Corp.. 
A ency: Firestone Adv. Agency 
Technical Measurement Corp....... 
Agency: Culver Adv., Inc. 
Snow & Staff, Inc 
Thermal American Fused Quartz Co., 


ss 

Agency: Asher. Rosston & Kremer, Inc. 
Thomas Co., Arthur H....... 
Torsion Balance Co..... 


Agency: Michel-Cather, Inc. 
Tracerlab, Inc.. 
Agency: Culver Adv., 
Snow & Staff, Inc. 
Troemner, Inc., Henry..........- 
Agenc John F. Tucker, Jr. 
Nations, 
ency: Associates 
U. Stoneware Co..... 
Agency: Ralph Gross Adv. 


Victoreen Instrument Co....... 
Agency: Palm & Patterson, Inc. . 
Welch cientific Co., W. M., Div. of 


W. M. Welch Mfg. Co.. 
Agency: H. A. Hooker Adv. 
Wiley & Sons, Inc., John.. 
Agency: Needham & Grohmann 
Wilkens-Anderson Co........... coe 
Agency: Mandabach & Simms, Inc. 
Wilkens Instrument & Research, Inc. 
Agency: Industrial Literature Serv we 
Will Corp. & Subsidiaries... 
Agency: Scrivener & Rice, Inc. 
Agency: John O. Powers Co. 


Mazwell Sackheim-Franklin 


& Walter B. 


Inc. Walter B. 


A394 
A386 


A443 
A433 
A388 


A403 


IBC 


A414 
A438 
A393 


. -A407 & A424 


A433 
A439 
A409 
A441 
A406 


Volume 38, Number 6, June 1961 / A447 


i 
; 
: 
| | 
Sample 
Storage 
A 
A444 
A385 
A411 
A395 
A436 
A396 
A405 
A400 
‘ 


IMPORTANT 
NEW GHEMICAL 
CATALOG!!! 


from America’s fastest growing 
producer of laboratory chemicals 


Probably your files are already jammed with 
chemical catalogs—but here’s one you 
really should add to the top of the stack! 


SCOPE — During the past several years, MC&B 
has risen to a position as one of the nations 
leading suppliers of organic laboratory chemicals. 
In addition, MC&B offers a large line of 
inorganic reagents and elements, and a very 
comprehensive line of stains and indicators. Our 
line of laboratory compounds brings the total 
listings to almost 5000 items. We are basic 
manufacturers of many of these items, 

and every lot of every item is checked by our 
control laboratory. 


NEW ITEMS — The busiest people at MC&B are 
the analytical chemists, organic synthesis 
specialists and engineers who staff our 

New Products Group. They’re busy developing the 
-new items that you tell us are important 

to your work. The new catalog contains several 
hundreds of these new listings, including a 
unique line of Chromatoquality Solvents. Many of 
these items are not available elsewhere. 
Because of the completeness of the line, the 
exclusive items, and the outstanding 

service offered by our distributors, we suggest 
that the MC&B catalog be consulted in every 
important chemical buying decision. Phone your 


MC&B distributor for a copy, or mail the coupon. 


ey Matheson Coleman & Bell 
Division of The Matheson Company, Inc. 


Norwood (Cincinnati) Ohio; East Rutherford, N. J. 


Matheson Coleman & Bell 
P.0.Box 85D East Rutherford, N. J. 
Please send your new MC&B Chemical Catalog 


Name. 
Address. 
City & State. 
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featured in our new issue of 


WHAT'S NEW FOR THE LABORATORY 
Ash for No. 43! 


I. easy to separate, detect and identify the components 
of a syringe-injected sample with this new “Precision” in- 
strument—designed for ambient temperature work. The 
Chronofrac can be set up ready for use in ten minutes. 
Practically any gases and volatile liquids with boiling points 
to 105°C can be analyzed. Either air or helium may be used 
as the carrier. Details are given in bulletin 619, sent on 
request. 


C-4280X “Precision” Chronofrac, 11“x13"x5" high .............: $250.00 


‘Te Toppan scale has a unique full-floatin er ge 
mechanism for fast, correct weighing—regardless of off- 
level conditions. Simply place it on a table, put the sample 
on the pan, and read the weight. For weighing beyond the 
optical range, just remove a substitution weight. The added 
capacity is indicated in the aperture adjacent to the pro- 
jection scale. Features include front and rear direct-projec- 
tion reading . . . magnetic damping for quick oscillation 
and stability of projection scale . . . extra-large interchange- 
able pans. There are six models (three with tare, three with- 
out) in three capacities—1000, 2000 and 4000g. Prices 
range from $580.00 to $730.00. Write for descriptive 
brochure. 


Sauter TOPPAN SCALE 


Even the minutest change in moisture is detected by this 
new portable unit which monitors water vapor continuously 
in ppm ranges of 0-10, 0-30, 0-100, 0-300 and 0-1000— 
selected by a 6-position switch. Accuracy is +5% of the 
full scale in any of the ranges. Response is rapid. Reading 
is direct. The sample flow rate is 100cc per minute, ad- 
justable for any gas stream. Sample pressures are 10 to 
100 psig. The unit plugs into any 100-125 volt AC outlet— 
or it may be operated from the self-contained 6714-volt 
battery. Comes complete with electrolytic cell. For the entire 
story, ask for bulletin 773. 


H-9560X Beckman Hygromite, 11” wide x 6.7" high x 10.7” 
deep $4 


Branch Elk Grove i. 


‘Precision’? CHRONOFRAC 
| 
4 
Beckman HYGROMITE 
p 16, Mass. * Elk Grove Village, Ill. » Philadelphia 43, Pa. + Silver Spring, Md. 


New Versatility in Polarographic Analysis 
WIDE-RANGE FISHER ELECDROPODE’ 


©@ Manual or automatic operation 

© Measures concentrations of 0.01 to 0.00001 equivalents 
per liter 

© Increased potential range (—3 to +2 volis) 

® Line-operated, without tubes or batteries 

© Separate polarographic cell permits thermostating 

® Accessory for amperometric titrations 


Modern electronic design has increased the usefulness of the 
all-new Model 65 Elecdropode. Its extended potential range 
makes possible the accurate qualitative and quantitative analy- 
sis of a greater variety of inorganic, organic and biological ma- 
terials. There are polarographic methods for trace metals in 
alloys or body fluids . . . for alkaloids‘and antibiotics . . . for 
oxygen, halides and many other positive and negative ions. 

Use of a Model 66 Recorder makes determinations fully 
automatic and doubles the 400-to-1 sensitivity range. The 
Amperometric Titrimeter® accessory carries the range down 
to 10-6 or lower. 

The stable power supply requires no vacuum tubes or 
batteries, except a mercury reference cell. The Elecdropode runs 
directly on any 115-volt, 50- or 60-cycle a-c line. 

For full details, please write: Fisher Scientific Company, 
109 Fisher Building, Pittsburgh 19, Pa. B-102 


In this polarogram, 


made automatically 


with the Model 66 
Recorder, the 


Elecdropode has 
identified and 
measured the 


concentrations of 
five differant 
metals in the same 


sample. 
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